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>v ABSTRACT 

We present results of a spectroscopic survey of X-ray- and proper motion-selected samples 
of late-type stars in the Lower Centaurus-Crux (LCC) and Upper Centaurus-Lupus (UCL) sub- 
. groups of the nearest OB association: Scorpius-Centaurus. The primary goals of the survey 

CN| \ are to determine the star-formation history of the OB subgroups, and to assess the frequency 

of accreting stars in a sample dominated by "post-T Tauri" pre-main sequence (pre-MS) stars. 
We investigate two samples: (1) proper motion candidates from the ACT and TRC astromet- 
ric catalogs (Hoogerwerf 2000) with X-ray counterparts in the ROSAT All-Sky Survey (RASS) 
Bright Source Catalog, and (2) G and K-type stars in the Hipparcos catalog found to be candi- 
date members by de Zeeuw et al. (1999). We obtained optical spectra of 130 candidates with 
the Siding Springs 2.3-m dual-beam spectrograph. Pre-MS stars were identified by (1) strong 
Li A6707 absorption, (2) subgiant surface gravities, (3) proper motions consistent with Sco-Cen 
membership, and (4) HR diagram positions consistent with being pre-MS. We find 93% of the 
RASS-ACT/TRC stars to be probable pre-MS members, compared to 73% of the Hipparcos can- 
didates. We demonstrate that measuring the gravity-sensitive band-ratio of Sr II A4077 to Fe I 
A4071 is a valuable means of discriminating pre-MS and zero-age main sequence (ZAMS) stars. 
Using secular parallaxes, and Hipparcos, Tycho-2, and 2MASS photometry, we construct an HR 
diagram. Depending on the choice of published evolutionary tracks, we find the mean ages of 
the pre-MS populations to range between 17-23 Myr for LCC, and 15-22 Myr for UCL. Taking 
into account observational errors, it appears that 95% of the low-mass star-formation in each 
subgroup must have occurred in less than 8 Myr (LCC) and 12 Myr (UCL). Using the Bertelli 
et al. (1994) tracks, we find main sequence turn-off ages for Hipparcos B-type members to be 
16 ± 1 Myr for LCC and 17 ± 1 Myr for UCL. Contrary to previous findings, it appears that LCC 
is coeval with, or slightly older than, UCL. The secular parallaxes of the Sco-Cen pre-MS stars 
yield distances of 85-215pc, with 12 of the LCC members lying within 100 pc of the Sun. Only 1 
out of 110 (0.9^Qg%; la) pre-MS solar-type stars in the sample with ages of 13 ± 1 (s.e.) ± 6 (la) 
Myr and masses of 1.3±0.2 (la) M shows both enhanced Ha emission and a K-band excess 
indicative of accretion from a truncated circumstellar disk: the nearby (d ~ 86 pc) classical T 
Tauri star PDS 66. 

Subject headings: Galaxy : open clusters and associations: individual (Sco OB2, Lower Centaurus-Crux, 
Upper Centaurus-Lupus) — stars: activity — stars: formation — stars: kinematics — stars: pre-main 
sequence — X-rays: stars 

1. Introduction cretion from a circumstellar disk and "weak- lined" 

lacking such evidence; CTTSs & WTTSs; ages 
Post-T Tauri stars (PTTSs) are low-mass, pre- < few Myr) and zer0 _ age main seqU ence stars 

main sequence (pre-MS) stars with properties in- (ZAMS; ages > 30-100 Myr). Although strict 

termediate between T Tauri stars found in molec- observational criteria do not exist for classifying 

ular clouds (both "classical" with evidence for ac- PTTSs as such, a working definition is a low- 
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mass star (<2M Q ) that is Li-rich compared to 
stars in ZAMS open clusters such as the ~120 
Myr-old Pleiades, and whose theoretical H-R po- 
sition (logT e ff and logL/LQ) is above the main 
sequence (Herbig 1978; Jensen 2001). Since these 
criteria also apply to CTTSs and WTTSs, one 
could argue that in addition, PTTSs should be 
located in regions devoid of nearby molecular gas 
or nebulosity. Classifying PTTSs by these criteria 
has complications: (1) few young field stars not 
associated with well-studied molecular clouds cur- 
rently have accurately measured distances (hence 
known luminosities), (2) unresolved binarity can 
make stars with known distances appear more lu- 
minous, and thus younger, and (3) there is a dis- 
persion in observed Li abundances among stars 
with the same masses and ages in coeval open clus- 
ters. Pre-main sequence stars exhibit considerable 
chromosphcric (Ha, Ca H & K) and coronal X- 
ray emission. Only a few PTTS candidates were 
known before the Einstein and R OS AT X-ray mis- 
sions, and X-ray surveys have become the primary 
means of identifying these pre-MS stars. 

Investigations of pre-main sequence evolution 
have been hampered by a lack of large samples 
of well-characterized PTTSs. This deficit has 
impacted studies of pre-MS angular momentum 
evolution (e.g. Rcbull et al. 2001; Bouvier et 
al. 1997), stellar multiplicity (e.g. Kohler et al. 
2000), and circumstellar disk evolution (e.g. Span- 
gler et al. 2001; Haisch, Lada, & Lada 2001). 
The nearest post-T Tauri stars also provide opti- 
mal targets for young exoplanct and brown dwarf 
searches (e.g. Lowrance et al. 2000). These ob- 
jects are much more luminous early in their evo- 
lution, and the closest targets enable characteri- 
zation of the smallest orbital radii. With a post- 
T Tauri population in a nearby OB association, 
we can address basic questions such as: How long 
does star-formation persist in a giant molecular 
cloud? What is the duration of the accretion phase 
for young solar-type stars? 

Identifying a bona fide PTTS sample can be 
accomplished by searching for low-mass members 
of nearby fossil OB associations. The Sco-Cen OB 
complex (Sco OB2) is the nearest OB association 
to the Sun (mean subgroup distances range from 
118-145 pc; dc Zccuw et al. (1999), hereafter 
dZ99), and covers roughly 2000 square degrees 
(~5%) of the sky. The complex is comprised of 



three kinematic subgroups (Blaauw 1946) with 
nuclear ages ranging from 5 to 15 Myr, a molec- 
ular cloud currently undergoing star-formation 
(the p Oph complex, Wilking, Lada, & Young 
1989; Blaauw 1991; de Geus 1992), and perhaps 
several smaller cloud complexes in the vicinity 
(e.g. the Lupus, Corona Australis, Chamaclcon, 
Musca, and Coalsack clouds). The three sub- 
groups are Upper Scorpius (US; age 5-6 Myr), 
Upper Centaurus-Lupus (UCL; age 14-15 Myr), 
and Lower Centaurus-Crux (LCC; age 11-12 Myr 
de Geus et al. 1989). US has been studied exten- 
sively in recent years (e.g. Prcibisch & Zinnecker 
1999, and references therein), however UCL and 
LCC have received relatively little attention. 

In this work, we investigate the low-mass 
(<2M Q ) membership of the two oldest Sco-Cen 
OB subgroups (LCC and UCL) utilizing recently 
available astrometric catalogs {Hipparcos, Astro- 
graphic Catalog- Tycho (ACT), Tycho Reference 
Catalog (TRC), and Tycho-2), the 2 Micron All 
Sky Survey (2MASS), and the ROSAT All-Sky 
Survey (RASS). We conduct a spectroscopic sur- 
vey of two samples: (1) an X-ray-selected sample 
of late-type stars from the kinematic candidate 
membership lists of Hoogerwerf (2000), and (2) 
the G-K type Hipparcos members of the OB sub- 
groups from dZ99. In §2, we discuss the proce- 
dure for selecting candidate pre-MS stars from 
both samples, and §3 discusses the observations 
and assembled database. §4 describes the data 
analysis and characterization of our stellar sam- 
ple, and §5 discusses the selection of pre-MS stars, 
sample contamination, and completeness. §6 de- 
scribes how we construct an H-R diagram for the 
subgroups, and §7 presents results regarding the 
ages of the subgroups, their age spreads, and the 
frequency of accretion disks around pre-MS stars. 
§8 discusses the star-formation history of LCC 
and UCL, and §9 summarizes the findings of our 
survey. 

2. Selection of Candidate Pre-MS Stars 
2.1. The Hipparcos Sample 

DZ99 lists Hipparcos Sco-Cen members that 
were selected using both de Bruijne's (1999a) re- 
furbished convergent point method and Hoogerw- 
erf & Aguilar's spaghetti method (1999). Their 
membership lists contained 31 G-K stars in UCL 
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and 21 G-K stars in LCC (their Table CI). Most 
of these bright stars have been classified in the 
Michigan Spectral Survey (e.g. Houk & Cowley 
1975), however SIMBAD 1 reveals that most have 
been studied no further. We limit the survey to 
the 30 G-K candidates with Michigan luminosity 
classes IV or V (see Table 1). Stars with border- 
line F/G Michigan types were not observed. HIP 
63962 and 73777 met the criteria, but were not 
observed. DZ99 estimated the contamination by 
G-K-type interlopers of all luminosity classes to 
be 32% for LCC and 24% for UCL. Of these 31 
stars, 17 also have RASS-BSC X-ray counterparts 
within 40". 

2.2. The RASS-ACT/TRC Sample 

To identify lower-mass members of an OB asso- 
ciation, one can search for stars whose proper mo- 
tions are similar to those of high-mass members. 
The high-mass membership and moving group so- 
lution for each OB subgroup were determined by 
dZ99 and de Bruijne (1999b). Thousands of faint 
stars in the ACT and TRC astrometric catalogs 2 
were identified by Hoogerwerf (2000) as candidate 
low-mass LCC and UCL members. A high de- 
gree of contamination from interlopers is expected 
due to the similarity of the space motions of the 
subgroups to that of the Local Standard of Rest, 
compounded by the low galactic latitude of the 
subgroups. The selection of ACT/TRC candidate 
members is described in detail in §4 of Hoogerwerf 
(2000). 

The Hoogerwerf ACT/TRC membership lists 
for LCC and UCL were slightly modified, and 
filtered, to produce the final target list. First, 
we requested from R. Hoogerwerf (personal com- 
munication) candidate membership lists with dif- 
ferent color-magnitude constraints from that de- 
scribed in Hoogerwerf (2000). The new color- 
magnitude selection box is essentially a polygon 
defined by the Schmidt-Kaler (1982) empirical 
zero-age main sequence (B — V vs. My) at the 

1 http: / /simbad.u-strasbg.fr/Simbad 

2 The ACT (Urban ct al. 1998) and TRC catalogs (H0g et 
al. 1998) were used for target selection for this project 
in 1999, however we use the photometry and astromctry 
from the Tycho-2 catalog (available in 2000; H0g et al. 
2000a, b) in the data analysis. The Tycho-2 catalog was 
a joint USNO/Copcnhagcn project, and its data supercede 
the contents of the ACT and TRC catalogs. 



mean distance for each subgroup (dZ99), where we 
take all stars AMy = 3 mag above and AMy = 1 
mag below the ZAMS line. Hoogerwerf originally 
selected only those stars within AMy = 1.5 mag 
above the ZAMS, however this could inadvertently 
omit younger members or binaries. The selec- 
tion box contained 1353 ACT and TRC stars in 
LCC, and 1874 stars in UCL. In order to target 
low-mass solar-type stars with G-K spectral types, 
we retained only those stars with Johnson B — V 
> 0.58 mag (the unreddened color of GO dwarfs; 
Drilling & Landolt 2000). No red B — V limit 
was imposed. After the color-magnitude selection, 
we retained only those stars which were identified 
as kinematic members in both the ACT and TRC 
astrometric catalogs. This final color-selection of 
the ACT/TRC lists resulted in 785 UCL candi- 
dates and 679 LCC candidates. 

In order to further filter the target list, we 
selected only those ACT/TRC candidates which 
had ROSAT All-Sky Survey Bright Source Cata- 
log (RASS-BSC) X-ray counterparts. Voges et al. 
(1999) cross-referenced the RASS-BSC with the 
Tycho catalog and found that 68% of the optical- 
X-ray correlations were within 13", and 90% of 
the correlations were within 25". In plotting a his- 
togram of the separation distance between RASS- 
BSC X-ray sources and ACT/TRC stars, we in- 
dependently find 40" to be an optimal search ra- 
dius. No constraints on X-ray hardness ratio were 
imposed in the target selection. In order to calcu- 
late X-ray luminosities, we assume the X-ray en- 
ergy conversion factor for the ROSAT PSPC de- 
tector from Fleming et al. (1995). The linearity 
of this X-ray efficiency relation spans the temper- 
ature range of stellar coronae from inactive sub- 
dwarf stars to extremely active RS CVns and T 
Tauri stars. Unsurprisingly, the kinematic selec- 
tion of ACT/TRC stars also selected many of the 
same stars as in the Hipparcos sample (HIP 57524, 
59854, 62445, 65423, 66001, 66941, 67522, 75924, 
76472, 77135, 77524, 77656, 80636). These stars 
are retained in the Hipparcos sample (Table 1), 
and omitted from the RASS-ACT/TRC list (Ta- 
ble 2). The final target list of 96 RASS-ACT/TRC 
stars (40 LCC, 56 UCL) is given in Table 2. 
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3. Observations 

Blue and red optical spectra of the pre-MS can- 
didates were taken simultaneously with the Dual- 
Beam Spectrograph (DBS) on the Siding Springs 
2.3-m telescope on the nights of 20-24 April 2000. 
The DBS instrument is detailed in Rodgers, Con- 
roy, & Bloxham (1988). Using a 2" wide slit, 
we used the B600 1/mm grating in first order on 
the blue channel, yielding 2. 8 A FWHM resolu- 
tion from 3838-5423A. The red channel observa- 
tions were done with the R1200 1/mm grating in 
first order, yielding 1.3 A FWHM resolution over 
6205-7157A. The five nights of bright time were 
predominantly clear to partly cloudy. Signal-to- 
noise ratios of ~50-200 per resolution element were 
typically reached with integration times of 120- 
720 s. Flat-fields and bias-frames were observed 
at the beginning and end of each night. NeAr A- 
calibration arcs and spectrophotometric standards 
were observed every few hours. The spectra were 
reduced using standard IRAF routines. In order 
to remove low-order chromatic effects from the 
band-ratio measurements, we spectrophotometri- 
cally calibrated all of the target spectra using 2 
standard stars from Hamuy et al. (1994). A total 
of 118 program stars (§2.1 and §2.2) and 20 MK 
spectral standards (§4.1.1) were observed. The 
major stellar absorption features of one of the sin- 
gle standard G stars were shifted to a zero- velocity 
wavelength scale. The spectra of all of the stars 
were then cross-correlated against this standard 
star using the IRAF task fxcor, and then shifted 
to the common, rest-frame wavelength scale. This 
was done to ensure proper identification of weak 
lines, as well as to make sure that the band-ratio 
measurements were sampling the same spectral 
range in each stellar spectrum. 

4. Analysis of Spectra 

4.1. Spectral Types and Luminosity Clas- 
sification 

4- 1-1. Standard Stars 

We observed 20 spectral standards including 
dwarfs and subgiants (luminosity classes IV and 
V) and a few giants (III). A summary of their 
properties is listed in Tabic 3. To permit quan- 
titative examination of trends in the strengths of 
spectral features, as well as interpolation between 



spectral types, we adopt the numerical subtype 
scaling of Keenan (1984; i.e. here listed as "SpT", 
where GO = 30, G2 = 31, K0 = 34, etc.). All of 
the standard stars are classified on the MK system 
by Keenan & McNeil (1989), except for HR 7061 
(Garcia 1989). Table 3 also lists their spectral 
types as given in the Michigan Spectral Survey at- 
lases of N. Houk (e.g. 1978). The sample standard 
deviation of a linear fit between the Keenan and 
Houk spectral types for dwarfs and subgiants, on 
Keenan's subtype scale, is a(SpT) = 0.6 subtypes. 
The ~0.6 subtype uncertainty probably represents 
the best that can be done using visual spectral 
types determined by different authors. 

The adopted spectral types are those of Keenan 
& McNeil's, however the luminosity classification 
was verified (and some times changed) by virtue 
of (1) position of the stars on a color-magnitude 
diagram based on Hipparcos data, (2) position in 
a temperature vs. Sr II A4077/Fe I A4071 ratio 
diagram (see §4.1.3, Fig. 1), and (3) published 
logg estimates. Although changing the classifica- 
tion of some standards may appear imprudent, the 
H-R diagram positions, Sr/Fc line ratio, and de- 
rived logg values (Cayrel de Strobel et al. 2001) 
are all consistent with our new adopted luminosity 
classes 3 . In every case the difference was only half 
of a luminosity class, and only 5/20 of the stars 
were changed. Notes on the revised luminosity 
classifications are given in Appendix B. 

4-1-2. Visual Classification 

The blue spectrum of each star was assigned a 
spectral type visually by E.M. through comparison 
with the standards in Table 3. In order to distin- 
guish subtypes, we focused on several features such 
as the G band (A4310), Ca I A4227, Cr I A4254 and 
nearby Fe lines, and the Mg b lines A5167, A5173, 
A5184. Balmer lines were ignored due to possible 
chromosphcric emission. After making an initial 
guess through comparison with a wide range of 
spectral types, a final visual spectral type was as- 
signed through comparison to standards within ±2 
subtypes of the initial guess. 

To test the accuracy of our visual classification, 
we compared our spectral types to those of qual- 

3 Hipparcos data also led Keenan & Barnbaum (1999) to 
revise the luminosity classes of a few giant star standards 
at the half luminosity class level. 
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ity 1 or 2 in the Michigan Spectral Survey. The 
average difference is not significant: -0.4 ± 0.6 (la- 
sample standard deviation) subtypes (on Keenan's 
scale). The 12 Hipparcos stars were later visually 
typed a second time. Between the two estimates 
for each star, we estimate that the la uncertainty 
in our visual spectral types is 0.6 subtypes. This is 
comparable to the dispersion between the Keenan 
and Houk spectral types for the standards them- 
selves. 

4-1.3. Quantitative Spectral Type Estimation 

A two-dimensional quantitative spectral type 
(subtype plus luminosity class) can be estimated 
using integrated fluxes over narrow bands sensitive 
to temperature and surface gravity. We tested var- 
ious ratios defined by Malyuto & Schmidt-Kalcr 
(1997) and Rose (1984) for this purpose, as well as 
from Gray's spectral atlas (2000). In testing band- 
ratios as temperature indicators for our standards, 
we noticed that some had slight surface gravity de- 
pendencies. A surface gravity dependence in our 
temperature indicators could systematically affect 
our T e ff estimates. We first discuss our surface 
gravity indicator and then define our temperature 
estimators using only subgiant and dwarf stan- 
dards, thus mitigating the effects of surface grav- 
ity. 

The most widely used surface gravity diagnostic 
for G and K stars is the ratio between Sr II A4077 
and nearby Fe lines (e.g. Keenan & McNeil 1976; 
Gray 2000). In thin and thick disk dwarfs, the 
abundance ratio [Sr/Fe] is within ~0.1 dex of solar 
for most stars (Mashonkina & Gchrcn 2001). A 
quantitative surface gravity (luminosity class) in- 
dicator was established by Rose (1984) from low- 
resolution spectra using the maximum absorption 
line depth for Sr II A4077 and the average for the 
atomic Fe A4045 and A4063 lines. We measure the 
fluxes in 3 A bands centered on the Sr II A4077 
line and the Fe I A4071 line. Ratios between the 
A4077 line and the other nearby Fe lines (A4045, 
A4063) did not distinguish subgiants and giants. 

For a temperature estimator, we adopted Index 
6 of Malyuto & Schmidt-Kalcr (1997) (AA5125- 
5245/AA5245-5290) hereafter referred to as "MI6" . 
The temperature sensitivity of this indicator 
largely reflects differing amounts of line-blanketing 
in these two wavelength regimes - mainly by the 
Mg b lines (A5167, A5173, and A5184), and many 



Fe lines (e.g. Fe I A5270). Although the Mg 
b lines are somewhat surface gravity sensitive, 
within the log g and T e f / regime of our standards 
and program stars, the temperature sensitivity is 
dominant. The difference in central wavelength 
between the two bandpasses is only 82A, and the 
effects of reddening are negligible (Mathis 1990). 
For a temperature indicator, we fit a low-order 
polynomial to MI6 vs. SpT for the dwarf and sub- 
giant standard stars (see Appendix C) which has 
a lcr sample standard deviation of 0.6 subtypes. 

Fig. 1 plots the temperature-sensitive MI6 in- 
dex versus our surface gravity discriminant (Sr II 
A4077/Fe I A4071). The dwarf standards form a 
very narrow sequence in Fig. 1, confirming the 
lack of cosmic scatter in [Sr/Fe] values among 
field stars and the insensitivity of logg to spec- 
tral type for G-K dwarfs. The polynomial fit to 
the dwarf data is given in Appendix C. There is a 
gap between the dwarf and subgiant loci between 
~ l-2.5<7 (sample standard deviation) of the dwarf 
locus polynomial, and we set the subgiant/dwarf 
separation at 2a. We classify stars within 2a of 
the solid dwarf line in Fig. 1 as dwarfs (4 of 96 
RASS-ACT/TRC stars, 4 of 20 HIP stars), and 
three stars near the giant locus (TYC 8992-605-1, 
HIP 68726, and HIP 74501) as giants. We classify 
the rest as subgiants. 

Gray (2000) suggests Y II A4376/Fe I A4383 
as a surface gravity indicator for late-G stars us- 
ing low-resolution spectra. From the solar spectral 
atlas of Wallace, Hinkle, & Livingston (1998), it 
appears that Gray's low-resolution Y II A4376 fea- 
ture is actually a blend of several lines of nearly 
equal strength. In order to test the properties 
of this band-ratio, we measure the flux in 3A 
windows centered on wavelengths 4383. 6A and 
4374. 5A. Plotting this ratio against spectral type 
for the standard stars showed a very tight locus 
for the dwarfs, however luminosity classes IV-V, 
IV, and III were indistinguishable from the dwarfs 
and each other. We found this ratio unsuitable for 
the purposes of luminosity classification of our tar- 
gets, but we find it to be an excellent temperature 
estimator for FGK dwarfs, subgiants, and giants. 
Among the 20 standards, the measurement of the 
A4374/A4383 band-ratio vs. spectral type gives a 
tight correlation (sample standard deviation la = 
0.6 subtypes). We adopt the A4374/A4383 band 
ratio as our third, independent estimator of spec- 
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tral type (polynomial fit is given in Appendix C). 

4-1.4- Final Spectral Types 

The three temperature-type estimates agree 
well for the majority of the program stars. The 
mean difference between the MI6 and visual spec- 
tral types is 0.7 subtypes. The mean difference 
between the A4374/A4383 band-ratio types and 
the visual types is 0.6 subtypes. We calculate a 
mean spectral type and standard error of the mean 
using the three classifications. The mean is un- 
weighted since all three relations appeared to have 
la sample standard deviations of «0.6 subtypes in 
their accuracy. The average standard error of the 
mean is 0.5 subtypes. We believe that using mul- 
tiple techniques mitigates the effects that rapid 
rotation, binarity, etc. can introduce into visual 
classification alone. The spectral types are listed 
in Tables 6, 5 and 7. 

4.2. Additional Spectroscopic Diagnostics 

4-2.1. Chromo spheric Ha Emission 

Mcdium-to-low resolution spectra of chromo- 
spherically active stars show the Ha line to be 
partially filled-in, or even fully in emission. We 
measure the EW of the entire Ha feature; our res- 
olution is insufficient to separate the "core" chro- 
mospheric emission from the photospheric Ha ab- 
sorption line. A significant number of our stars 
show Ha emission (f 9% of the RASS-ACT/TRC 
G-K type stars) . We characterize our targets stars 
as chromospherically active or inactive through 
comparing the Ha EW to that of standards of 
identical spectral type. Fig. 2 shows the EW(Ha) 
data for our targets and standard stars. Stars 
more than 2a above the dwarf/subgiant EW(Ha) 
relation (a quadratic regression; see Appendix C) 
are considered to be active. The stars with Ha in 
emission (negative EWs) have an "e" appended to 
their spectral types in Tables 6, 5 and 7. The Ha 
EWs for each star are also listed in these tables. 

4.2.2. Li I X6707 Equivalent Width 

The presense of strong Li absorption in the 
spectra of late-type stars is a well-known diag- 
nostic of stellar youth. Because of the extended 
timescale for significant Li depletion in stars of 
~1 M©, strong Li absorption is necessary, but not 
sufficient indicator of pre-MS nature for G stars. 



However it is a powerful age descriminent when 
combined with our surface gravity indicator. 

Many studies have shown that the equivalent 
width (EW) of Li I A6707 can be overestimated at 
low spectral resolution (e.g. Covino et al. 1997), 
especially for G-K stars. With a resolution of 
1.3A, we consider our EWs to be approximate. 
The EWs were measured with Voigt profiles in 
the 1RAF routine splot. The continuum level was 
estimated from nearby pseudo-continuum peaks. 
We subtract the contribution from the neighbor- 
ing Fe I A6707.4A feature using the prescription 
of Soderblom et al. (1993). In order to test the 
validity of our Li EWs, we divided several of our 
Li-rich targets by standard stars of the same spec- 
tral type. The ratioed spectra exhibit only a ma- 
jor absorption feature at A6707. The division also 
removes the effects of blending by Fe lines (assum- 
ing the same stars have similar EWs). The EWs 
of this feature in the divided spectra corresponded 
well with our previous measurements, however the 
uncertainties in the EW appear to be —20-50 mA 
(with the maximum value being for spectroscopic 
binaries). 

Fig. 3 shows the Li I A6707 EWs for our RASS- 
ACT/TRC and Hipparcos targets, separated ac- 
cording to their luminosity class (§4.1.3). Effective 
temperatures (T e ff) come from the final spectral 
type (see §6.2). Most points lie above the Li I 
A6707 EWs that characterize young open clusters, 
plotted as low-order polynomial fits for the IC 
2602 (30 Myr; Randich et al. 1997), Pleiades (70- 
125 Myr; Soderblom et al. 1993; Basri, Marcy, & 
Graham 1996), and M34 clusters (250 Myr; Jones 
et al. 1997). The comparison is not completely 
fair, however, since the cluster ZAMS stars will be 
roughly 10% less massive than the corresponding 
pre-MS stars. Even if most of our program stars 
were older ZAMS stars, they still would be Li-rich 
compared to stars in the well-studied open clus- 
ters. We select as "Li-rich" those stars above the 
solid line in Fig. 3. Considering the uncertain- 
ties in our EW(Li) measurements, and the lack of 
any other -10-20 Myr-old pre-MS G-K-type stel- 
lar samples with which to compare, we are not 
compelled to subdivide our sample further. We 
will reserve a more detailed investigation of the 
Li abundances for a future high-resolution spec- 
tral study. For the present, we are content to have 
demonstrated that we have identified a popula- 
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tion which appears to be more Li-rich than ZAMS 
stars. 

5. Defining the PTTS Sample 

5.1. Membership Status 

Our survey was designed to identify the pre- 
MS G and K-type stars in the Sco-Cen OB associ- 
ation. We classified the late-type stars according 
to their positions in Figs. 1, 2 and 3 (Table 4). We 
consider the ffO stars (85/96 RASS-ACT/TRC 
and f6/30 Hipparcos) classified as "Li-rich", "sub- 
giant", and "active" as bona fide post-T Tauri 
stars ("pre-MS"). Li- rich stars with subgiant sur- 
face gravities and Ha EWs similar to the standard 
field stars (i.e. "inactive") are called "pre-MS?". 
Only 3 of the RASS-ACT/TRC stars, and 6 of the 
HIP stars are classified as "pre-MS?". The lone 
object with giant-like surface gravity in the RASS- 
ACT/TRC X-ray-selectcd sample (TYC 8992-605- 
1) is Li-rich, and we also classify it as a pre-MS 
PTTS. The 9 "pre-MS?" stars were included in 
our statistics concerning the star-formation his- 
tory and disk-frequency of the sample (§7) for a 
total of 110 candidate lower-mass members of the 
LCC and UCL subgroups. All 13 stars selected 
in the RASS-ACT/TRC sample which overlaped 
with dZ99's membership lists were found to be 
pre-MS candidates. Our RASS-ACT/TRC sam- 
ple (including the 13 dZ99 stars also selected) 
yielded a pre-MS hit-rate of (88+13)/(96+13) = 
93%. Of the 30 dZ99 candidates we observed, 
22/30 (73%) are classified as pre-MS or "pre- 
MS?" . The numbers of stars by membership class 
are listed in Table 4. Pre-MS stars in the Hip- 
parcos sample are listed in Table 5, and those in 
the RASS-ACT/TRC sample are given in Table 

6. Li-rich stars with dwarf-like surface gravity (N 
= 5) were considered young main sequence field 
stars ("ZAMS"), and are listed along with other 
interlopers in Table 7. 

5.2. Sample Contamination 

The primary contaminants one would expect 
from an X-ray- and proper motion-selected sam- 
ple are X-ray-luminous ZAMS stars (ages « 0.1-1 
Gyr). Field ZAMS stars could occupy the same 
region of UVW velocity space, and be selected in 
our study by virtue of their proper motions and X- 
ray emission. However, our selection of candidate 



Sco-Cen members utilizes a surface gravity crite- 
rion which should minimize contamination. Even 
if our surface gravity indicator was in error, we 
claim ZAMS stars do not dominate our sample. 
Field ZAMS stars exhibit a large spread in Li EWs 
(especially for the late-G and early-K stars), how- 
ever this is not observed in Fig. 3. The star just 
below the "Li-rich" line in Fig. 3 (TYC 7318-593- 
1; G9, EW(Li) ~ 150 ml) happens to be the sole 
RASS-ACT/TRC star with inferred \ogg higher 
than that of the dwarf standards in Fig. 1. We 
consider TYC 7318-593-1 to be a field ZAMS star 
candidate due to its intermediate Li strength and 
high surface gravity. 

We can rule out most of the pre-MS candidates 
being Li-rich post-MS stars. Based on the surveys 
of Li abundances in field subgiants by Randich 
ct al. (1999) and Pallavicini et al. (1987), 
we do not expect to find any post-MS subgiants 
with EW(A6707) > 100 mA. Even if our measured 
EWs for the Li I A6707 line are over-estimated due 
to low spectral resolution, the overestimate would 
have to be greater than a factor of two to reconcile 
our sources with even the most Li-rich subgiants 
found in the Randich et al. survey. Our spectral 
analysis suggests that the majority of our sample 
stars are both Li-rich and above the main sequence 
(i.e. pre-MS). 

Could some of our stars be post-MS chromo- 
spherically active binaries (CABs) or RS CVn sys- 
tems? The light from an RS CVn system would 
be dominated by a rapidly rotating, evolved (sub- 
giant) primary. Only six of our targets are Li- 
poor subgiants (HIP 63797, 81775, TYC 8293- 
92-1, 7833-1106-1, 7858-526-1, and 8285-847-1). 
The first three appear to be normal subgiants. 
TYC 7833-1106-1 is possibly a spectroscopic bi- 
nary. TYC 7858-526-1 has a wide, broad Ha ab- 
sorption line. It appears to be a multiple late-F 
star (we classify it as F8.5; Houk (1982) clas- 
sify it as F5), so the star could hide a cosmic Li 
abundance due to the increased ionization of Li I 
in F stars (and correspondingly lower EW(Li)). 
The system could be a legitimate member, but 
we exclude it from the pre-MS sample. The sub- 
giant TYC 8285-847-1 (HIP 69781 = V636 Cen) 
is probably a CAB. It is a previously known graz- 
ing, eclipsing binary (e.g. Popper 1966) and its 
saturated X-ray emission argues for being a true 
CAB. Finally, the Li-rich star TYC 8992-605-1 
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(star #19; KO+III) is the only RASS-ACT/TRC 
star that appears in the giant regime of Fig. 1. 
The star is an obvious spectroscopic binary of 
nearly equal mass. We believe this star is prob- 
ably a pre-MS binary, and include it in our "pre- 
MS?" sample. It appears that CABs are a negligi- 
ble contaminant when using X-ray and kinematic 
selection in tandem with medium dispersion spec- 
troscopy to identify pre-MS populations. 

5.3. Sample Completeness 

We can make a rough estimate how many stars 
our selection procedure should have detected by 
counting the number of massive Sco-Ccn members 
in a certain mass range, and assuming an initial 
mass function. We assume a complete member- 
ship census within a limited mass range (the re- 
vised B-star Hipparcos membership from dZ99), 
and then extrapolate how many stars we should 
have seen in our survey. We produce a theoretical 
H-R diagram for the subgroups' B stars (discussed 
at length in §7.2), and calculate masses from the 
evolutionary tracks of Bertelli et al. (1994) 
(Z = 0.02). We choose 2.5 Mq as our lower mass 
boundary (roughly the lower limit for B stars), 
and adopt 13M Q as the upper mass boundary 
(slightly higher than the highest inferred mass 
from the main sequence members). In this mass 
range, we count 32 LCC members and 56 UCL 
members. We use a Kroupa (2001) IMF to predict 
how many low-mass stars might belong to the OB 
subgroups. Down to the hydrogen-burning limit 
(0.08 Mq), a total population of 1200 j:^ stars 
in LCC and 2200 ± 300 stars in UCL is predicted 
(Poisson errors) 4 . Between 1.1-1.4M©, the mass 
range of a 15 Myr-old population that our survey 
can probe (see §7.1 and Fig. 6), the Kroupa IMF 
predicts a population of 29^g stars in LCC, and 
511® stars in UCL. In this mass range, our sur- 
vey detects 36 pre-MS stars in LCC and 40 pre- 
MS stars in UCL. The number of observed pre- 
MS stars with 1.1-1.4M Q corresponds to +1.1<t 
and -1.6cr of the predicted number, for LCC and 
UCL respectively. This suggests that our survey is 
fairly complete for LCC, but we might be missing 
~10 members with masses of 1.1-1.4 M Q in the 
more distant UCL subgroup if the subgroup mass 

4 For low-number statistical uncertainties, we use the lcr val- 
ues from Gehrels (1986) throughout. 



function is consistent with the field star IMF. The 
missing members of the UCL OB subgroup could 
be X-ray faint (Lx < 10 30 2 erg s _1 ) stars which 
we were capable of detecting in the closer LCC 
subgroup. The IMF extrapolation does suggest 
that we have likely found at least the majority of 
stars in this mass range in both OB subgroups (if 
not a complete census for LCC) and that our sam- 
ples are representative of the total population. 

6. The H-R Diagram 

In order to investigate the star-formation his- 
tory of the LCC and UCL OB subgroups, we con- 
vert our observational data (spectral types, pho- 
tometry, distances) into estimates of temperature 
and luminosity. We then use theoretical evolution- 
ary tracks to infer ages and masses for our stars. 

6.1. Photometry 

The primary sources of photometry for our 
sample of association member candidates are 
the Tycho-2 catalog (H0g et al. 2000a,b) and 
2MASS working database. However, the Tycho 
and 2MASS bandpasscs are non-standard, and 
must be converted to standard photometric sys- 
tems to enable comparison with intrinsic colors of 
normal stars and the interstellar reddening vector. 
To convert the Tycho photometry to the Johnson 
system, we fit low-order polynomials to the data 
in Table 2 of Bessell (2000) (relations given in Ap- 
pendix C). A caveat is that Bessell's calibrations 
are for B-G dwarfs and K-M giants. The major- 
ity of our stars appear to be pre-MS G-K stars, 
whose intrinsic colors should more closely match 
those of dwarfs rather than giants. To convert the 
2MASS JHK S data to the system of Bessell & 
Brett (1988), we use the conversions of Carpenter 
(2001). The original optical and near-IR photom- 
etry for our target stars is given in Tables 2 and 
1. 

6.2. Temperature Scale 

To fix stellar properties as a function of spec- 
tral type, we adopt relations (i.e. intrinsic col- 
ors, BCs) from Table A5 of Kcnyon & Hartmann 
(1995). Previous studies have shown that colors 
and BCs as a function of T e ff are largely inde- 
pendent of surface gravity over the range of in- 
terest for this study (e.g. Bessell, Castelli, & Plez 
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1998). However, T e ff decreases with lower \ogg 
for FGK stars. After some investigation (see Ap- 
pendix A), we decided to adopt the dwarf T e // 
scale of Schmidt-Kaler (1982) (which Kenyon & 
Hartmann (1995) also use) with a -35 K offset to 
account for the effects of lower log g in our sample 
stars. The scatter in published dwarf T e ff scales 
is 60 K (la) among G stars, so while the shift is 
systematic, its magnitude is of the order of the 
uncertainties. The uncertainties in T e // given in 
column 9 of Tables 5 and 6 include the uncertainty 
in spectral type and the scatter in published T e f f 
scales. The typical la uncertainties in T e // for 
the pre-MS stars is «100K. 

6.3. Secular Parallaxes 

All of the stars in our sample have published 
proper motions, but only a few dozen have trigono- 
metric parallaxes measured by Hipparcos. The 
stars are distributed over hundreds of square de- 
grees of sky, and inhabit stellar associations which 
arc tens of parsecs in depth. Adopting a stan- 
dard distance for all of the stars in the association 
introduces unwanted scatter in the H-R diagram. 
With accurate proper motions available, we cal- 
culate individual distances to the pre-MS candi- 
dates using moving cluster or "secular" parallaxes 
(e.g. Smart 1968). We adopt the equations and 
formalism of dc Bruijne (1999b), as well as his 
space motions and convergent points for the LCC 
and UCL OB subgroups. The uncertainties in the 
secular parallaxes are dominated by the uncertain- 
ties in the proper motion (ov cx a^), but contain 
a term added in quadrature accounting for a pro- 
jected 1km s _1 internal velocity dispersion (see 
§4 of de Bruijne 1999b). The secular parallax 
is only meaningful if the star is indeed a mem- 
ber of the group. Our spectroscopic survey has 
confirmed that most of the candidate stars are le- 
gitimately pre-MS, and that they arc most likely 
members of the OB subgroups. Secular parallaxes 
for older, interloper stars are meaningless and ig- 
nored. In Tables 5 and 6, we list the secular par- 
allaxes and membership probabilities for the pre- 
MS stars in our survey. We calculate membership 
probabilities Pi and P3 (using formulae 4 and 6 
from dZ99) , which have assumed internal velocity 
dispersions of lkms -1 (dc Bruijne 1999b) and 
3kms~ 1 (dZ99), respectively. 

The robustness of our method can be illustrated 



(Fig. 4) by comparing the secular parallaxes (7r sec ) 
to the Hipparcos trigonometric parallaxes (tthip)- 
The uncertainties are typically 1-2 mas for the 
Hipparcos parallaxes, and 0.5-1 mas for our secular 
parallax estimates. The secular and trigonomet- 
ric parallaxes agree quite well for the few pre-MS 
stars in our sample for which Hipparcos measured 
the parallax. The secular parallaxes yield distance 
uncertainties of ~5-15% for most of the pre-MS 
stars. 

6.4. Luminosities 

With five-band photometry, a temperature / 
spectral type estimate, and a secular parallax, we 
calculate stellar luminosities for the pre-MS can- 
didates. We adopt the absolute bolometric mag- 
nitude of the Sun (Mboi© = 4.64) from Schmidt- 
Kaler (1982). In order to compromise between the 
uncertainties in luminosity due to reddening, pho- 
tometric uncertainties, and possible K-band ex- 
cess, we calculate the Mboi using the dereddened 
2MASS J magnitude. We estimate the visual ex- 
tinction from a weighted mean of Ay estimates 
from the color excess in B — V and V — J. We 
took the E(B — V) formula from Drilling & Lan- 
dolt (2000) and the value of A j/ Ay (= 0.294) was 
taken from the near-IR extinction law of Mathis 
(1990) for a central wavelength 1.22 ^m. The red- 
dening A,/ typically ranged from to 0.35 mag 
with formal uncertainties of ^0.1 mag. The typ- 
ical uncertainty in logL/L for the pre-MS can- 
didates is «0.08 dex. With the luminosities and 
X-ray fluxes from the RASS BSC catalog (Vo- 
ges et al. 1999), we calculate the ratio of X- 
ray/bolomctric radiation for the stars with X-ray 
counterparts. The derived values of log(Lx/Lf, ;) 
are in the range of 10~ 28 — 10~ 38 , indicating coro- 
nal X-ray emission elevated above most ZAMS G- 
type stars (e.g. Pleiads; Stauffer et al. 1994). 

6.5. Evolutionary Tracks 

In order to infer theoretical masses and ages 
from our pre-MS candidates, we use the evolution- 
ary tracks from D'Antona & Mazzitclli (1997) 
(DM97; Z = 0.02, XjD = 2xl0~ 5 ), Siess, Du- 
four, & Forcstini (2000) (SDF00; Z = 0.02), and 
Palla & Stahler (2001) (PS01). Ages and masses 
for a given logT e // and logL/L Q were calcu- 
lated using an interpolation algorithm. Given the 
mean observational errors (cr(logT e //,logL/L Q ) 
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= 0.007, 0.078 dex for LCC Pre-MS stars, and 
0-(logT e //,logL/L ) = 0.009, 0.084 dex among 
UCL Pre-MS stars), we estimate the isochronal 
age uncertainties for an individual star to be ap- 
proximately 4, 5, 7 Myr (DM97, PS01, SDF00) 
in LCC, and 4, 5, 5 Myr (DM97, PS01, SDF00) 
in UCL, as illustrated in Fig. 5. The uncertain- 
ties in the interpolated masses are 0.1 M Q for all 
three sets of tracks. Fig. 6 shows the H-R di- 
agram for the pre-MS candidates overlayed with 
the evolutionary tracks of DM97. 

7. Results 

The ages of the low-mass population of LCC 
and UCL have not been estimated before, though 
de Geus et al. (1989) and de Zeeuw & Brand 
(1985) give main sequence turn-off ages. In §7.1 we 
estimate the pre-MS ages for the two subgroups, 
and put an upper limit on the intrinsic age spread. 
In §7.2 we calculate new turn-off ages for the sub- 
groups using early B stars from the revised Hip- 
parcos membership lists of dZ99. 

7.1. Pre-MS Ages and Age Spread 

The H-R diagram for our "pre-MS" and "pre- 
MS?" stars is shown in Fig. 6, overlayed with 
the evolutionary tracks of D'Antona & Mazzitclli 
(1997). The temperatures and luminosities of the 
pre-MS stars are given in Columns 9 and 10 of 
Tables 6 and 5, along with their inferred masses 
and ages (columns 15 through 17). One notices 
immediately that the bulk of isochronal ages are 
in the range of ^10-20 Myr. The age range is 
nearly identical for both groups. To assess the ef- 
fects of our magnitude limit in biasing our mean 
age estimates, in Fig. 7 we plot the mean pre- 
MS age (with standard errors of the mean) for the 
pre-MS subgroup samples as a function of mini- 
mum log T e f f cut-off. The magnitude bias of our 
survey is clearly apparent: the mean age system- 
atically decreases when stars with logT e // < 3.73 
are included in the calculation. In calculating the 
pre-MS ages of the OB subgroups, we explicitly 
omit the pre-MS stars with logT e// < 3.73 (30% 
of our sample). This temperature threshold inter- 
sects our magnitude limits at ages of ~25 Myr for 
stars of 1 M Q on the DM97 tracks. That the lines 
in Fig. 7 are nearly flat for logT e // > 3.73, sug- 
gests that (detectable) stars with ages of >25 Myr 



are not a significant component of either subgroup 
(also see discussion in §8.1). 

Fig. 8 displays histograms of the isochronal 
ages for the pre-MS stars in the LCC and UCL 
subgroups derived using DM97 and SDF00 evo- 
lutionary tracks. These tracks represent the ex- 
trema in age estimates for our sample (DM97 is 
youngest, SDF00 is oldest). The la age disper- 
sion among the unbiased samples (logT e // > 3.73) 
is 5-9 Myr for both groups. If we remove the 
known spectroscopic binaries (see notes in Tables 
6 and 5), the age dispersions are 4-8 Myr. Because 
there may be additional unresolved binaries, this 
observed age spread places an upper limit on the 
intrinsic age spread. As illustrated in Fig. 5, the 
individual H-R diagram positions of the pre-MS 
samples have log T e // and logL/L Q errors which 
fold onto the evolutionary tracks with age uncer- 
tainties of 4-7 Myr. From this analysis, we con- 
clude that the intrinsic la age dispersions in each 
subgroup must be less than 2-8 Myr (i.e. ^2/3rds 
of the star-formation took place in <4-16Myr). 
Using the DM97 pre-MS ages, which agree best 
with the turn-off age estimates (§7.2), we find in- 
trinsic la age dispersions of 2 Myr (LCC) and 3 
Myr (UCL). This implies that 68% of the low-mass 
star-formation took place within <4~6 Myr, and 
95% within <8-12 Myr in the OB subgroups. Our 
observational uncertainties and lack of knowledge 
about the unseen binarity of the pre-MS sample 
stars do not allow us to constrain the age spread 
more precisely than this. The mean age estimates 
for our unbiased pre-MS samples (logT e //> 3.73, 
SBs removed) are shown in Table 8. Counter to 
previous studies, we find that LCC is slightly older 
than UCL by 1-2 Myr (at l-3cr significance), in- 
dependent of which evolutionary tracks we use. 
From Fig. 8, we also conclude that star-formation 
ceased approximately ~5-10 Myr ago in the sub- 
groups. 

7.2. Turn-off Ages 

De Geus et al. (1989) published the most re- 
cent age estimates for the LCC and UCL groups, 
but in light of the new Hipparcos distances and 
subgroup membership lists, we feel it is worth- 
while reevaluating the subgroups' turn-off ages. 
We construct a theoretical H-R diagram for the 
B-type subgroup members of UCL and LCC listed 
both in Table CI of dZ99 and Tables A2 and A3 
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of de Bruijnc (1999b). Several of the "classi- 
cal" 5 members rejected as members by Hipparcos 
from dZ99 are included as well. For input data, 
we use the following databases in order of avail- 
ability: (1) ubvy(3 photometry from the database 
of Hauck & Mermilliod (1997), (2) UBV pho- 
tometry from Slawson, Hill, & Landstrcet (1992), 
and (3) UBV photometry from SIMBAD. For dis- 
tances we use the secular parallaxes (7r sec ) given 
in column 4 of Tables A2 and A3 of de Brui- 
jne (1999b) when available, or the Hipparcos 
parallaxes {it hip)- We deredden the stars with 
ubvy/3 photometry to the B-star sequence of Craw- 
ford (1978) using the prescription of Shobbrook 
(1983). For stars with Stromgren photometry, we 
calculate T e ff using the temperature relation of 
Napiwotzki, Schonbcrncr, & Wenske (1993). If 
no ubvyP photometry was available, we use UBV 
photometry to calculate the reddening-free index 
Q (Crawford & Mandwewala 1976) to infer the 
star's unreddened color. A polynomial fit to Ta- 
ble 15.7 from Drilling & Landolt (2000) is used 
to calculate T e ff as a function of (B — V) Q - The 
BC versus T e ff relation of Balona (1994) is used 
for all stars. We linearly interpolate between the 
isochrones from Bertelli et al. (1994) (Y = 0.28, 
Z = 0.02, convective overshoot) to infer ages for the 
subgroup B stars. The theoretical H-R diagram is 
shown in Fig. 9. 

UCL has a well-defined MS turn-off composed 
of the Hipparcos members HIP 67464 (y Cen; 
B2IV), HIP 68245 (<f> Cen; B2IV), HIP 68282 
(v 1 Cen; B2IV-V), HIP 71860 {a Lup; B1.5III), 
HIP 75141 (S Lup; B1.5IV), HIP 78384 (77 Lup; 
B2.5IV), and HIP 82545 (/j 2 Sco; B2IV), as well as 
"classical" members (but Hipparcos non-members) 
HIP 82514 (m Sco; B1.5Vp) and 73273 (/3 Lup; 
B2III) 6 . The variable star HIP 67472 (/x Cen; 
B2Vnpe) was excluded. Using the Bertelli et al. 
(1994) tracks, the mean age of the 7 turn-off Hip- 
parcos members is 17±lMyr. Including the two 
"classical" members has negligible effect on the 
mean age estimate. Our MS turn-off age estimate 



"Classical" members are early-type stars which were in- 
cluded in Sco-Cen membership lists before the Hipparcos 
studies of dZ99. 

Note that the two Hipparcos non-members were found to 
be probable members by Hoogerwerf (2000) if the long- 
baselinc ACT (HIP 73273) and TRC (HIP 82514) proper 
motions were used instead of the Hipparcos values. 



for UCL is slightly older than de Geus et al.'s (14- 
15 Myr), and is close to the mean pre-MS ages 
that we found in §7.1 (15-22 Myr). 

LCC lacks a well-defined turn-off, however we 
have enough early-B stars in the middle of their 
MS phase with which to make an age estimate. We 
estimate the age for LCC from the following main 
sequence B stars: HIP 59747 (5 Cru; B2IV), HIP 
60823 (cr Cen; B2V), HIP 61585 (a Mus; B2IV- 
V), HIP 63003 (/j 1 Cru; B2IV-V), and HIP 64004 
(£ 2 Cen; B1.5V). The mean age for these five stars 
is 16 ± 1 Myr; similar to what we found for UCL, 
and it agrees well with the younger end of our pre- 
MS age estimates (17-23 Myr). This age estimate 
is significantly older than previous estimates (10- 
12 Myr), and warrants more critical examination 
(§8.3). 

The new results yielded by our age analysis of 
the OB subgroups are: (1) two-thirds of the low- 
mass star-formation in each subgroup took place 
in less than a ^5 Myr span (and 95% took place 
within ~10 Myr), (2) the pre-MS and B-star ages 
for LCC and UCL are in approximate agreement, 
(3) the B-star subgroup memberships defined by 
Hipparcos have ages of 16 ± 1 Myr and 17 ± 1 Myr 
for LCC and UCL, respectively. We discuss the 
implications of these results in §8. 

7.3. The Census of Accretion Disks 

An important question both for star and planet 
formation is the lifetime of accretion disks around 
young stars. Statistics for the frequency of active 
accretion disks around low-mass stars come pre- 
dominantly from near-IR surveys of young associ- 
ations and clusters (Hillenbrand & Meyer 1999; 
Haisch, Lada, & Lada 2001). The samples of 
low-mass stars surveyed are dominated by embed- 
ded associations with ages of <3 Myr (e.g. Tau- 
Aur, Cha I, etc.), and older open clusters with 
ages of 30-100 Myr (e.g. Pleiades, IC 2602, a 
Per, etc.). Few well-studied pre-MS stars of 3-30 
Myr-old ages have been surveyed. The situation 
has recently been slightly ameliorated by the dis- 
coveries of the TW Hya association and r\ Cha 
cluster (Kastner et al. 1997; Webb et al. 1999; 
Mamajek et al. 1999). Yet these samples are 
small (~10-20 stars) and dominated by K and M- 
type stars with masses of 0.1-0.8 M . Our pre-MS 
star sample is unique in its mass (~1-1.5M ) and 
age range (~10-20 Myr), so measuring its disk- 
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frequency provides a valuable datum. 

Stars with EW(Ha) >10A in emission are usu- 
ally called Classical T Tauri stars (CTTSs), which 
show spectroscopic signatures of accretion as well 
as near-IR excesses (e.g. Hartigan, Edwards, & 
Ghandour 1995). Stars lacking the strong Ha 
emission and near-IR excesses are called Weak- 
lined T Tauri stars (WTTSs). This can be ex- 
plained as a correlation between the presence of 
magnetospheric accretion columns and an inner 
accretion disk (e.g. Meyer, Calvet, & Hillenbrand 
1997; Muzerolle, Hartmann, & Calvet 1998). Our 
Ha EW measurements are discussed in §4.2.1, and 
here we quantify the K-band excess of our tar- 
gets. We calculate the intrinsic J — K color excess 
E(J — K) as defined by Meyer, Calvet, & Hillen- 
brand (1997): 

E(J-K) = (J-K) obs -{J-K) -A v x (Aj-A K ) 

(1) 

where (J — K) b s is the observed color and J — K 
is the intrinsic color of an unreddened dwarf star 
of appropriate spectral type (Kenyon & Hartmann 
1995). Uncertainties in each quantity were prop- 
agated in order to estimate the signal-to-noise of 
the intrinsic color excess. The distribution of mea- 
sured E(J — K) values indicate a systematic off- 
set of a few hundredths of a mag. Our near-IR 
data set is from the 2MASS working database, so 
we suspect that the absolute calibration or un- 
certainties in color correction could be responsible 
and apply a small color correction to account for it. 
After the correction, the distribution of E(J — K) 
values is symmetric about zero, with a few posi- 
tive and negative ~2ct points. There is only one 
star with a E(J — K) color excess with S/N > 2.5: 
star #34 = TYC 9246-971-1 has an intrinsic color 
excess of E(J - K) a = 0.26 ±0.06 implying a ri- 
band excess. This star also happens to be the only 
CTT identified in our optical spectra (EW(Ha) = 
-39 A). TYC 9246-971-1 (= PDS 66, Hen 3-892) 
was originally identified as an emission line star by 
Henize (1976), and classified as a CTT in the Pico 
dos Dias survey of stars in the IRAS PSC catalog 
(Gregorio-Hetem et al. 1992). By virtue of its 
position, proper motion, and spectral characteris- 
tics, we find that TYC 9246-971-1 is a «8 Myr-old, 
wl.2 M Q (DM97 tracks) member of the LCC sub- 
group. Our secular parallax for TYC 9246-971-1 



yields a distance of 86_ypc; the third nearest of 
the LCC pre-MS stars in our sample, and among 
the nearest CTTSs known. Only 1/58 (1.71^%; 
la Poisson) of pre-MS stars in LCC are classified 
as bona fide CTTS, along with none (0/42) of the 
pre-MS members of UCL. For our accretion disk 
frequency statistics, we use the isochronal ages de- 
rived from the DM97 evolutionary tracks (which 
agree well with the turn-off ages), and include the 
entire sample of 110 pre-MS stars (including the 
cooler stars which bias the mean to younger ages). 
Only 1/110 (0.9toi%; lcr ) of 1-3 ± 0.2 (la) Mq 
stars with ages of 13±l(s.c.)±6 (la) Myr are 
CTTSs. This implies that accretion terminates in 
solar-type stars within the first 15 Myr of their 
evolution. 

8. Discussion 

We can address several interesting questions re- 
garding the star-formation history of Sco-Cen with 
data from our survey. Could the Sco-Cen progeni- 
tor giant molecular cloud (GMC) have produced a 
substantial population of low-mass stars for an ex- 
tended period (>5-10 Myr) before conditions were 
right to form an OB population? Conversely, is 
there evidence for any low-mass star-formation af- 
ter the bulk of the high-mass OB stars formed? 
The OB star-formation in LCC and UCL has ap- 
parently destroyed the progenitor GMC through 
supernovae and stellar winds (e.g. de Geus 1992; 
Preibisch & Zinnecker 2000). However the region 
is not totally devoid of molecular gas (e.g. the Lu- 
pus complex). We will first examine whether there 
is any evidence of star-formation prior to the for- 
mation of the OB subgroups (§8.1), and then as- 
sess the evidence for more recent star-formation 
in the UCL region (§8.2). We will address the 
age of LCC in §8.3, and discuss the formation 
of the subgroups in §8.4 Throughout the discus- 
sion, we adopt the DM97 ages, as they agree more 
closely with the turn-off ages than do the SDF00 
and PS01 ages. 

8.1. Is There Evidence for Star- Formation 
Before the Primary Bursts? 

Is our survey sensitive to older stars which 
may have preceded the primary star-formation 
episode? Three pre-MS stars in our sample have 
isochronal ages of >25 Myr (or undefined as lying 
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below the ZAMS), however given the uncertain- 
ties in T e ff and logL/L (Fig. 5), even a co- 
eval «15 Myr-old population would be expected 
to have statistical outliers. Here we explore three 
possible ways in which older ZAMS stars could 
have escaped our attention. 

One could argue that our surface gravity in- 
dicator is biasing our sample against identifying 
ZAMS stars members (if they exist). If we disre- 
gard surface gravity as a criterion, we gain only 
4 more RASS-ACT/TRC stars (all between F8.5 
and Gl), and only one of those would have an 
isochronal age > 25 Myr (TYC 8222-105-1; -30 
Myr). If they were legitimate, older members with 
real ages of > 25 Myr, they should also be among 
the stars with the oldest isochronal ages in our 
sample, which they arc not. This suggests that 
their secular parallaxes, hence their luminosities, 
are unjustified, and that they are not members of 
the OB subgroups. Coincidently, TYC 8222-105- 
1 is one of the earliest type stars in our sample 
(F8.5), where our surface gravity indicator has the 
least fidelity (Fig. 1). We can state that only one 
of the Li-rich stars showing dwarf gravity signa- 
tures that is co-moving with LCC and UCL has 
an H-R diagram position and gravity suggestive 
of ZAMS status. 

If a significant ZAMS population existed in 
LCC and UCL, would our magnitude and X-ray 
flux limits allowed their detection? X-ray surveys 
of the ZAMS-age clusters IC 2602 and IC 2391 
(-30-50 Myr) by Randich et al. (1995) and Pat- 
ten & Simon (1996) found that late-F and early- 
G stars ZAMS stars have X-ray luminosities of 
L x 10 29 - 10 30 - 5 erg s" 1 , with h x /Uoi rang- 
ing from 10~ 30 to 10~ 4 - 8 . The X-ray and optical 
flux limits imposed by the ROSAT All-Sky Survey 
and the Tycho catalog allow us to detect ZAMS 
sources with Lx/Lboi > 10~ 32 within 140 pc if 
they exist. If we adopt the X-ray luminosities of 
the G stars in IC 2602 and IC 2391 as represen- 
tative for a —30 Myr-old population, we should 
have detected roughly one-third of a putative Sco- 
Cen ZAMS population between masses of 1 and 
1.2 Mq. We can put a rough upper limit on the 
number of >25 Myr-old stars in our mass range. 
Assuming that TYC 8222-105-1 is a ZAMS mem- 
ber, and that its H-R diagram position is not a 
statistical fluctuation from the locus of —15 Myr- 
old stars, we detect one ZAMS star with age >25 



Myr in the mass range (1-1.2 Mq). Accounting 
for the two-thirds of the ZAMS stars which would 
have undetectable X-ray emission, and extrapo- 
lating over a Kroupa (2001) IMF, this implies a 
population of —100 stars with masses greater than 
0.1 Mq. This is <10% of the stellar population 
predicted to exist in each OB subgroup (—1000- 
2000; §5.3). 

Could such ZAMS stars have left the region 
we probed? If we postulate that the population 
was very centrally concentrated and gravitation- 
ally bound until the OB stars destroyed the giant 
molecular cloud (GMC) some —10 Myr ago (de 
Geus 1992), then a 2 kms -1 motion radially away 
from the subgroup center would have moved the 
star 20 pc in the past 10 Myr. This distance is the 
approximate radius of both of the subgroups today 
(see Fig. 9 of dZ99). Hence if an older population 
was concentrated at center of the gravitationally- 
bound GMC until the high mass stars destroyed 
the cloud, we would find them within the projected 
boundaries of the subgroups so long as they inher- 
ited velocities of <2 km s _1 . The kinematic selec- 
tion procedure of Hoogerwerf (2000) would have 
selected such stars, since a large velocity disper- 
sion (3 kms" 1 ) was initially assumed. 

We conclude that there is no evidence for signif- 
icant star-formation in the LCC and UCL progeni- 
tor giant molecular clouds before the primary star- 
formation episodes. Our findings are consistent 
with the idea that molecular clouds form stars over 
a range of masses, and dissipate within timescales 
of -10 Myr. 

8.2. On-going Star-Formation? 

Two obvious sources of young stars may be 
contaminating the UCL pre-MS sample. The 
youngest, unembedded OB subgroup of Sco-Cen 
is US, with a nuclear age of 5-6 Myr (de Geus et 
al. 1989). US borders UCL near Galactic longi- 
tude 343°, and its space motion and distance are 
very similar to that of UCL (dZ99). The Lupus 
molecular clouds are also in the western region of 
UCL (roughly between 335° < £ < 345° and +5° 
< b < 25°). The T Tauri star population within 
the major Lupus clouds was surveyed by Hughes et 
al. (1994), and the region was recently mapped in 
12 CO by Tachihara et al. (2002). Dozens of pre- 
main sequence stars were identified outside of the 
main cores by a pointed ROSAT survey (Kraut- 
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ter et al. 1997), and the All-Sky Survey (Wich- 
mann ct al. 1997b). The clouds lie at d — 140 pc 
(Hughes, Hartigan, & Clampitt 1993), situated 
spatially between the US and UCL subgroups of 
Sco-Cen (both <i~145pc). Fig. 10 illustrates the 
positions of the primary Lupus clouds, the pre- 
ROSAT Lupus T Tauri star population, the pre- 
MS stars from our survey, and the B-star popula- 
tion of the OB subgroups. 

How docs the presence of US and the Lupus 
molecular clouds (and their associated T Tauri 
stars) affect our findings regarding the mean age 
of the UCL subgroup? We split our unbiased 
(log T eff > 3.73) "pre-MS" and "pre-MS?" mcm _ 
bers of UCL into two groups using the Galactic 
longitude line 335° as a division. Most of the 
molecular cloud mass in the Lupus region lies be- 
tween 335° < I < 345° (see Fig. 2 of Tachi- 
hara et al. (2002)). Using the DM97 tracks, 
we find that the "eastern" UCL pre-MS sample 
surrounding the Lupus clouds has a mean age of 
13±lMyr, while the "western" UCL sample is 
somewhat older (16 ± 1 Myr). The UCL stars with 
ages of <10 Myr are found in greater numbers near 
the Lupus clouds and US border, supporting the 
idea that our UCL sample is probably contam- 
inated by more recent star-formation. The age 
estimate of UCL for the stars west of £ = 335° 
is probably more representative of the underlying 
UCL population. 

Three of the youngest stars (HIP 81380, TYC 
7858-830-1, and TYC 7871-1282-1; 5-9 Myr; 
DM97 tracks) in our entire survey are positioned 
near a clump of 8 B stars at (£, b) = (343°, +4°). 
These three pre-MS stars also have secular par- 
allax distances of ~200pc, similar to what de 
Bruijnc (1999b) found for the group of B stars. 
The secular parallaxes may be biased, however, if 
this clump has slightly different kinematics than 
the average UCL motion. This clump may repre- 
sent substructure within UCL. However de Bruijnc 
(1999b) was unable to demonstrate that the clump 
had distinct kinematics or age. The mean Hippar- 
cos distance of the clump B stars is 175 pc, with 
HIP 82514 {p 1 Sco; B1.5Vp) and HIP 82545 (^ 2 
Sco; B2IV) as the most massive members. Our 
identification of 3 new pre-MS stars in the same 
region with similar secular parallaxes supports the 
notion that this may be a separate subgroup. 

Some of our pre-MS stars were also identified in 



the ROSAT surveys of the Lupus region by Kraut- 
ter et al. (1997) and Wichmann et al. (1997b) 
(see notes in Table 6). The presense of a significant 
population of pre-MS stars outside of star-forming 
molecular clouds has been attributed by various 
authors to be due to one or more of the follow- 
ing: (1) slow diffusion (1-2 kins" 1 ) from existing 
molecular clouds (e.g. Wichmann et al. 1997a), (2) 
ejection from small-N body interactions (Sterzik & 
Duriscn 1995), (3) formation in situ from short- 
lived cloudlets (Feigelson 1996), or (4) fossil star- 
formation associated with the Gould Belt (e.g. 
Guillout ct al. 1998). Wichmann convincingly 
showed that most of the young RASS stars in the 
Lupus region are at a distance of around ^150 pc 
(similar to previously published distances for the 
Lupus clouds and UCL), and that the stars are 
roughly 10 Myr-old. Wichmann concludes that 
the dispersed pre-MS population is most likely a 
manifestation of the Gould Belt. The OB sub- 
groups of Sco-Cen are major sub-structures of the 
Gould Belt (as defined by age and kinematics; Fro- 
gel & Stothers 1977), i.e. UCL is the dominant 
Gould Belt substructure in the Lupus region. We 
interpret the presence of dozens of pre-MS stars 
near the Lupus clouds to be primarily the low- 
mass membership of the UCL OB subgroup. Our 
analysis suggests that younger US or Lupus stars 
are a minor contaminant to our UCL sample. 

8.3. Is LCC Older than UCL? 

Although our pre-MS and turn-off age esti- 
mates for LCC agree rather well, they are sub- 
stantially older (by ^50%) than previous values. 
The de Geus et al. (1989) age estimate (11-12 
Myr) appears to hinge primarily on the H-R dia- 
gram position of e Cen, with 6 Cru, a Mus, and 
£ 2 Cen defining the rest of the turn-off isochrone. 
The latter three stars were confirmed as members 
by dZ99, however e Cen (the most massive) was 
rejected. Although our age for e Cen is consistent 
with de Geus's, we omitted it from our LCC age 
estimate. If one uses the long-baseline proper mo- 
tion for e Cen from the new Proper Motions of 
Fundamental Stars (PMFS) catalog (Gontcharov 
et al. 2001), and adopt the LCC space mo- 
tion, convergent point, and formulae of dZ99 (with 
Vint = 3kms~ 1 ), e Cen has a 100% member- 
ship probability. The resulting secular parallax 
(7r sec = 9.6 ± 2.0 mas) agrees well with the Hippar- 
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cos astrometric parallax (tthip — 8.7 ± 0.8 mas), 
further strengthening the interpretation that e 
Cen is a bona fide LCC member. Including e Cen 
with the other 5 turn-off stars discussed in §7.2 
does not change our turn-off age estimate, how- 
ever (16 ±1 Myr). If one ignores the stars with 
masses less than that of e Cen, then the 12-Myr 
Bertelli isochrone would appear to be an accept- 
able fit for LCC. Because the turn-off is poorly 
defined, we give equal weight to the next five Hip- 
parcos members down the mass spectrum (5 Cru, 
a Cen, a Mus, p} Cru, and £ 2 Cen), which yields 
an age older than de Geus's. 

e Cen is one of several "classical" LCC early B- 
type member candidates rejected as members of 
Sco-Cen using the Hipparcos astrometry. These 
stars have been included in Sco-Cen candidate 
membership lists on and off over the past half- 
century: HIP 59196 (6 Cen; B2IVne), HIP 60718A 
(a 1 Cru A; B0.5IV), HIP 62434 {(3 Cru; B0.5IV), 
and HIP 68702 (J3 Cen; B1III). These stars are 
^10-20 M Q star, with inferred ages of ~5-15 Myr, 
and distances of ^100-150 pc. Such stars are ex- 
tremely rare, and their presense in the LCC region 
appears to be more than coincidental. Are they all 
LCC members whose Hipparcos proper motions 
are perturbed due to binarity? All five systems 
are flagged (field #59) in the Hipparcos catalog as 
stars with unusual motions due to either unseen 
companions or variability. A kinematic investiga- 
tion of these stars, and their potential member- 
ship in LCC is beyond the scope of this study, 
but necessary for understanding the global star- 
formation history of the Sco-Cen region. Are these 
stars bona fide members? If so, why are they so 
much younger than the other members (both pre- 
MS and mid-B stars)? If they are not bona fide 
members, where did they come from? Although 
our age estimates for the pre-MS sample and Hip- 
parcos early-B members appear to be consistent, 
the presense of these young, B0-B2 classical mem- 
bers (Hipparcos non-members) hints that the story 
of star-formation in Sco-Cen is more complex than 
our results reveal. 

8.4. A Star-Formation History of Sco- 
Cen? 

Preibisch & Zinnecker (2000) reviewed the 
recent star-formation history of Sco-Cen (<5-10 
Myr) in the region of US, UCL, and p Oph. They 



present evidence for external supernovae trigger- 
ing in the formation of the subgroups. They claim 
that supernovae shock waves from UCL passed 
through the US progentior GMC approximately 
5 Myr ago, and caused the cloud to collapse. The 
US group appears to have had at least one su- 
pernova in the past ~1 Myr, possibly a deceased 
massive companion to the runaway 09.5V star £ 
Oph. This supernova contributed to destroying 
the GMC and producing the US superbubble (de 
Geus 1992; Hoogerwerf, de Bruijne, & de Zeeuw 
2001). The US subgroup appears to be currently 
triggering star-formation in the p Oph cloud core. 
Here we speculate on the global star-formation his- 
tory of the Sco-Cen complex. 

The formation of LCC and/or UCL may have 
been similarly triggered. However it is unclear if 
one triggered the formation of the other or vice 
versa. Our pre-MS age estimates are consistent 
with LCC being slightly older than UCL by a few 
Myr, though they could be coeval. What was the 
origin of these large OB subgroups? The gas asso- 
ciated with the Sco-Cen complex appears to be 
part of the Lindblad Ring, a torus of H I and 
molecular clouds hundreds of pc in radius. It is 
centered roughly near the a Persei cluster and 
Cas-Tau OB association (Blaauw 1991; Poppel 
1997). The young stars that have formed from this 
gas complex (i.e. the Gould Belt) share a system- 
atic expansion consistent with a localized origin 
for the whole complex - probably an expanding 
gas shell from a large star-formation event (e.g. 
Moreno, Alfaro, & Franco 1999). The gas associ- 
ated with Sco-Cen appears to be part of a "spur" 
of neutral hydrogen and molecular clouds that 
runs from near LCC (including Coalsack, Musca, 
and Chamaeleon clouds), through Lupus, Ophi- 
uchus, and into the Aquila and Vulpccula Rift re- 
gions (see Fig. 3-18 of Poppel 1997). It is likely 
that LCC and UCL were among the first clumps 
in the Lindblad Ring to collapse and form stars 
(see §4 of Blaauw 1991), cither from self-gravity 
or from triggered from external supernovae events. 
The LCC and UCL regions formed a large popu- 
lation of OB stars and their stellar winds and su- 
pernovae may indeed have triggered the collapse 
of the US group. The process might continue over 
the next 10 Myr as the supernovae from the US 
and p Oph subgroups send shock waves into the 
vast reservoir of atomic and molecular gas asso- 
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ciated with the Aquila Rift (see §3.4 of Poppel 
1997, and references therein). On the other side 
of Sco-Cen, there appears to be little gas westward 
of LCC until one reaches the Vela complex some 
400 pc away. The lack of a sufficient gas reservoir 
probably explains why triggering did not proceed 
to form OB subgroups west of LCC. 

The Sco-Cen subgroups have formed their own 
network of superbubbles with radii of ~100 pc (de 
Geus 1992). The superbubbles appear to be 
largely H I, presumably gas from the progenitor 
Sco-Cen CMC as well as the swept-up interstel- 
lar medium. In some regions, they are associ- 
ated with well-known nearby molecular cloud com- 
plexes: Coalsack, Musca, Chamaeleon, Corona 
Australis, Lupus, and numerous small high Galac- 
tic latitude clouds (e.g. Bhatt 2000). The Lupus 
clouds are spatially coincident with the western 
side of the US superbubble, however no kinematic 
analysis has been yet undertaken to determine 
whether the Lupus clouds share in the bubble ex- 
pansion. The CrA molecular clouds are embedded 
within the UCL superbubble shell, and the space 
motion of the T Tauri star population is moving 
radially away from UCL (Mamajek & Feigelson 
2001). Other young stars in the field toward the 
4th Galactic quadrant, including the r\ Cha clus- 
ter, TW Hya association, and Pic group, all have 
ages of ~10 Myr and are moving radially away 
from LCC and UCL. Perhaps these stars formed 
in small molecular clouds that accumulated within 
the expanding LCC/UCL superbubble shells. 

9. CONCLUSIONS 

From our spectroscopic survey of an X-ray- and 
kinematically-selected sample of late-type stars in 
the Sco-Cen OB association, we summarize our 
main findings as follows: 

• We have identified a population of low-mass 
stars in the Lower Centaurus-Crux (LCC) 
and Upper Centaurus-Lupus (UCL) OB sub- 
groups with the following properties: (1) G- 
K spectral types, (2) subgiant surface gravi- 
ties, (3) Lithium-rich, (4) strong X-ray emis- 
sion (L x ^ 10 30 - 10 31 ergs" 1 ), and (5) 
proper motions consistent with the high- 
mass members. We classify stars which show 
these characteristics as bona fide pre-MS 
stars or "post-T Tauri" stars. X-ray and 



kinematic selection (the RASS-ACT/TRC 
sample) yielded a hit rate of 93% for select- 
ing probable pre-MS stars, while kinematic 
selection alone (dZ99 Hipparcos sample G-K 
dwarfs and subgiants) yielded 73%. 

• We estimate the mean age of the pre- 
MS population in the LCC subgroup to 
be 17 ±1 Myr (DM97 tracks), 21 ±2 Myr 
(PS01), and 23 ±2 Myr (SDF00). For 
UCL, the pre-MS population's mean age 
is 15 ±1 Myr (DM97), 19 ±1 Myr (PS01), 
and 22 ± 1 Myr (SDF00). The UCL pre-MS 
estimate appears to be slightly biased to- 
wards younger ages (by ~1 Myr) through 
contamination by Lupus or US members. 
We also calculate new MS turn-off ages of 
16 ± 1 Myr for LCC and 17 ± 1 Myr for UCL 
using the dZ99 Hipparcos membership and 
Bertelli ct al. (1994) evolutionary tracks. 
The UCL pre-MS and turn-off age estimates 
are roughly self-consistent, and similar to 
previously published estimates. Our age es- 
timates for LCC (pre-MS and turn-off) are 
older than previous estimates, and are equal 
to or slightly older than UCL. 

• We find that 68% of the low-mass star- 
formation in each subgroup took place 
within a <4-6 Myr span, and 95% took place 
within <8-12 Myr (using DM97 tracks). The 
conditions were right for producing low-mass 
stars in the LCC and UCL progenitor molec- 
ular clouds for <10 Myr. 

• We find the frequency of CTTSs among 
a pre-MS population in an OB associa- 
tion with masses of 1.3 ±0.2 (la) Mq and 
ages of 13±l(s.e.)±6(l<r) Myr (DM97 
tracks) to be only 0.9±l\l% (1/110). The 
younger age results from using our entire 
(i.e. magnitude-biased) sample of pre-MS 
stars. Only one star in our sample showed 
both strong Ha-emission and a K-band ex- 
cess: the previously known CTTS TYC 
9246-971-1 (#34 = PDS 66 = Hen 3-892). 
This suggests that the disk accretion phase 
lasts < 10-20 Myr in the evolution of solar- 
type stars in OB associations. 

• We demonstrate that a surface gravity in- 
dicator for classifying field G and K stars 
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(Sr II A4077 to Fe I A4071) can be used to 
distinguish whether Li-rich stars are pre-MS 
or ZAMS in nature. When this indicator is 
used in tandem with other youth diagnostics 
(Li abundance, X-ray emission, Ha emission, 
and kinematics) , one can confidently classify 
a star as pre-MS in nature. 
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A. The Pre-Main Sequence T e ff Scale 

Prc-main sequence stars lie between dwarfs (V) and subgiants (IV) on color-absolute magnitude or 
temperature-luminosity H-R diagrams. A given visual spectral type will correspond to cooler tempera- 
tures as surface gravity decreases (e.g. Gray 1991; de Jager & Nieuwenhuijzen 1987). Dwarf temperature 
scales are often adopted for pre-MS populations, however it is prudent to account for the effects of surface 
gravity. 

We quantify the effects of logg on the SpT vs. T e // relation using two datasets. First, we fit a polynomial 
surface to T e //(SpT, logg) using the data from Gray (1991, Table 2). As with most compilations of 
T e //(SpT) in the FGK-star regime, we find that a trinomial is the best low-order fit, and that a linear 
dependence on logg adequately accounts for the effects of surface gravity on temperature. Our second 
method finds a similar surface fit to T e //(SpT, logg) using published T e ff and logg values (Cayrel de 
Strobel ct al. 2001) for the GK standards of Keenan & McNeil (1989) and F standards of Garcia (1989) 
(those within 0.3 dex of solar [Fe/H], and luminosity class IV and V only). We adopt the isochrones from 
DAntona & Mazzitelli (1997) for a fiducial logg value as a function of T e ff for a coeval 15-Myr-old 
population. 

Both assessments yield essentially the same result: dwarf temperature scales for G-K stars should be 
lowered by 35 K for a 15 Myr-old population. The temperature decrement increases for younger ages: 
70K-40K for G0-K2 10-Myr-old stars, 235K-105K for G0-K2 5-Myr-old stars, and 260K-180K for G3-K2 
1-Myr-old stars. Both techniques yielded a linear dependence of logg on T e //(SpT, logg), and the slopes 
were similar: dT e ff/d\ogg ~ 220K/log(cm s _1 ) for the Keenan standards with Cayrel de Strobel stellar 
atmosphere data, and dT e f f /dlogg ~ 190 K/log(cm s^ 1 ) for the interpolation of Gray's (1991) Table 2. 
As the evolutionary model isochrones are parallel to the main sequence when the stars are on the radiative 
tracks (i.e. ^10-30 Myr for ~1M stars), the Alogg between a 15 Myr-isochrone and the main sequence 
is fairly constant over the G-K spectral types. Hence one naively expects a linear offset in T e //(SpT, logg ) 
between the 15- Myr isochrone and the MS. 

With the lcr scatter between published T e //(SpT) relations being ^60 K amongst G stars, the systematic 
shift is nearly negligible. Upon comparing several temperature scales from the literature, we adopt the dwarf 
T e ff scale from Schmidt-Kalcr (1982), and apply a -35 K offset to correct for the effects of lower surface 
gravity for a putative 15-Myr-old population. We conclude that adopting dwarf T e ff vs. SpT scales for 
pre-MS stars younger than ^10 Myr will systematically overestimate their T e ff values, and in turn, their 
masses inferred from evolutionary tracks. This could have deleterious systematic effects on derived initial 
mass functions for young associations. 

B. Standards with Questionable Luminosity Class 

Several of the standard stars we observed had H-R diagram positions, published logg values, and Sr II 
A4077/Fc I A4071 ratios (SrFe) which differed from what is expected for their luminosity classes given in 
Keenan & McNeil (1989). The differences are only at the half of a luminosity-class level. We adopt the 
Keenan temperature types for all of his standard stars, however we revised the luminosity classes of these 
stars to bring their H-R diagram positions, SrFe index, and published logg estimates into harmony (Table 
9). The SrFe indices for the vast majority of the standards formed loci according to luminosity class (Fig. 
1), so we are comfortable using the index as an additional descriminent. The dwarf regression line in the 
gravity indicator vs. temperature indicator plot (Fig. 1) was constructed using only Keenan standards for 
which his luminosity classification agreed with published logg values and the H-R diagram position. 
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C. Polynomial Fits 

• MI6 vs. Spectral Type: This flux ratio is Index 6 of Malyuto & Schmidt-Kaler (1997). We measure 
the index in magnitudes (MI6 = -2.51og(f(AA5125-5245)/f(AA5245-5290))), and find the following relation 
for Keenan and Garcia F0-K6 III-IV standards (Table 3) within 0.3 dex of solar metallicity: 

SpT = 33.26 ± 0.07 + (22.75 ± 0.48) x MIQ (0.06 < MJ6 < 0.26) (CI) 
SpT = 30.82 ± 0.16 + (105.38 ± 8.28) x MIQ - (711.74 ± 173.81) x MI6 2 (-0.04 < MIQ < 0.06) (C2) 

where SpT is the spectral type on Keenan's (1984) scale, i.e. F5 = 28, F8 = 29, GO = 30, G2 = 31, G5 = 
32, G8 = 33, K0 = 34, Kl = 35, and K2 = 36. Intermediate types can be assigned e.g. G9 = 33.5, G9.5 = 
33.75, K0+ = 34.25, K0.5 = 34.5, etc. The first equation applies to K0-K6 stars, and the second equation 
applies to F0-K0 stars. The la dispersion in these fits is 0.6 subtypes. 

• X4374/X4383 vs. Spectral Type: This band ratio consists of two 3A bands centered on 4374.5A and 
4383.6A. We measure the index in magnitudes as YFe = -2.5xlog(f(A4374.5)/f(A4383.6)). We find the 
following relation between the band ratio and SpT for F0-K6 III-V stars: 

SpT = 25.97 ± 0.30 + (20.47 ± 0.90) x YFe (C3) 

The residual standard deviation to the fit (using 20 Keenan F0-K5 III-V standards within 0.3 dex of solar 
metallicity) is 0.6 subtypes. 

• Surface Gravity Index Fe I X^OH/Sr II X4-077 vs. Spectral Type: We measure a surface gravity index 
using the flux ratio of two 3A bands centered on Fe I A4071.4 and Sr II A4076.9. We measure the flux ratio 
in magnitudes: SrFc = -2.5xlog(f(A4071)/f(A4077)), and plot against our MI6 spectral type index. The 
Keenan standard dwarfs confirmed as being main sequence stars define a narrow locus: 

SrFe = -0.078 ±0.005 + (2.123 ±0.261) x MIQ - (8.393 ± 2.945) x MIQ 2 + (15.487 ±8.672) x MIQ 3 (C4) 

The la sample standard deviation of this fit is 0.0094 mag in SrFe. The boundary between dwarfs and 
subgiants in Fig. 1 is -2a of the dwarf locus. This relation is valid for F9-K6 stars. 

• Ha vs. Spectral Type: In Fig. 2, we fit the equivalent widths of the Ha feature (at low resolution, the 
photospheric absorption plus the chromospheric emission) as a function of spectral type for F0-K6 dwarf 
and subgiant standard stars (Table 3) with the following polynomial: 

EW(Ha) = 2.983 ± 0.066 - (0.456 ± 0.027) x {SpT - 30) + (2.574 ± 0.378) x 10~ 2 x (SpT - 30) 2 (C5) 

EW(Ha) is measured in A. SpT is spectral type on Keenan's scale (as before). The sample standard deviation 
of the polynomial fit to 11 standards was 0.20A. 

• Converting Tycho B — V to Cousins- Johnson B — V: The Hipparcos catalog gives linear relations between 
B T — Vr, B — V, V, and Vr for stars of a wide range in spectral types. Bessell (2000) compared the 
Hipparcos/Tycho photometry and that of the E-region photometric standards, and refined the relations 
between the two systems. Table 2 of Bessell (2000) gives a standard relation between Bt — Vr, Cousins- 
Johnson B — V, and (V - Vr) for B-G dwarfs and K-M giants. We fit the following relations to Bessell's 
tables: 

V = V T + 9.7 x 10~ 4 - 1.334 x 10 _1 (S T - Vr) + 5.486 x 10" 2 (B T - V T ) 2 - 1.998 x 10" 2 (B T - V T f (C6) 
B-V= (B T - Vr) + 7.813 x 10~ 3 (B T - V T ) - 1.489 x 10 _1 (B T - V T ) 2 + 3.384 x 10~ 2 (B T - Vr) 3 (C7) 
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B-V= (B T - V T ) - 0.006 - 1.069 x 10 _1 (B T - V T ) + 1.459 x lO" 1 ^ - V T f (C8) 

The V(Vt, B t - V T ) polynomial equation C6 applies to stars from -0.25 < (B T - V T ) < 2.0 (B-M types). 
Equation C7 is for stars with 0.5 < (Bt — Vr) < 2.0, and equation C8 is for stars with -0.25 < (Bt — Vr) < 
0.5. We do not quote uncertainties in the polynomial coefficients since the Bessell relations are already 
smoothed. These equations fit Bessell's standard relations to 1-2 millimagnitudes. 
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Fig. 1. — The MI6 band-ratio (T e // indicator) vs. 
the band-ratio of Fe I A4071/ Sr II A4077 (surface 
gravity indicator). The solid line is a polynomial 
fit to only the dwarf standards. The dashed lines 
separate dwarfs, subgiants, and giants. The dwarf- 
subgiant dashed line is -2x the cr-residual below 
the dwarf regression, whereas the subgiant-giant 
boundary is placed somewhat arbitrarily to resolve 
the observed subgiant and giant loci. Empirically, 
this diagram suggests that most of the target stars 
are consistent with being G and K-type subgiants, 
with few giant and dwarf interlopers. A few early- 
K standards are noted for reference. 




28 30 32 34 36 

Spectral Type 

Fig. 2.— Ha EWs for the prc-MS candidates 
compared to inactive field dwarfs and subgiants. 
Symbols are the same as for Fig. 1. The solid 
line is the average EW(Ha) for dwarf and sub- 
giant standard stars. The dashed line represents 
the ±2cr residual scatter in the relation (encom- 
passing all of the standards). Stars above this 
line are clearly chromospherically active, however 
those within the 2a scatter have Ha emission sim- 
ilar to older field stars. 
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Fig. 3. — EWs for Li I A6707 for the program 
stars compared to regression fits for stars in young 
open clusters (see §4.2.2). We discuss assignment 
of dwarf and subgiant luminosity classes in §4.1.3. 
The pre-MS candidates form an obvious locus, and 
we select all stars above the solid line as "Li-rich" . 




-i 1 1 1 1 1 1 1 ' 1 1 1 1 1 1 1 r 

Average LCC HRD point 

log(T af ) = 3.763±0.007, log(L/L s ) = 0.250±0.078 
N = 100000 samplings 



Age(DM97) = 
17.6 ± 3.6 Myr 




Fig. 5. — A histogram of the inferred ages from 
the DM97 and SDFOO tracks for a hypothetical 
LCC Pre-MS star with average H-R diagram point 
(T e //,logL/L©) and gaussian uncertainties. The 
extreme right bin retains all points older than 40 
Myr. The standard deviations are calculated using 
only stars with ages between 1-100 Myr. 



[mas] 



Fig. 4. — Comparison between Hipparcos astro- 
metric parallaxes and our secular parallaxes calcu- 
lated using the moving group method. Data points 
are Pre-MS (and Pre-MS?) association members 
from Tables 6 and 5. 
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3.75 3.7 
l°g(T eft ) 

Fig. 6. — Theoretical H-R diagram for stars iden- 
tified as Pre-MS or Pre-MS? in Tables 5 and 6 in 
the UCL (open circles) and LCC samples (filled 
circles) . The pre-MS evolutionary tracks of DM97 
are overlayed. The ACT/TRC magnitude limit (V 
= 11 mag) is shown for a distance of 150 pc (Ay 
= 0.3 assumed). The star in the bottom right cor- 
ner (TYC 8648-446-1) is one of the faintest stars 
in our sample (V = 11.2 mag) with larger than 
average errors in logL/L Q - hence its unusual po- 
sition. The average la error bars in logT e // and 
logL/L Q are shown. 




3.76 3.74 3.72 3.7 3.68 

minimum log(T ef( ) for pre-MS sample 

Fig. 7. — Illustration of the effects of magni- 
tude bias on our mean age estimates for the pre- 
MS populations. The abscissa is the minimum 
log(T e //) threshold for evaluating the mean sam- 
ple ages (using DM97 tracks). The ordinate is cal- 
culated mean age with standard errors of the mean 
(shown; typically «1 Myr). At cooler tempera- 
tures (later than K0), the magnitude limit of our 
survey biases the sample towards more luminous 
stars, thereby decreasing the mean age estimate. 
From this diagram, we choose logT e // = 3.73 (ver- 
tical dashed line) as the lower T e ff cut-off for 
evaluating the mean pre-MS ages. Known spec- 
troscopic binaries are included here, but excluded 
in the final age estimates presented in Table 8. 
The observed isochronal ages and spread are 16 ± 5 
Myr for LCC and 14 ±5 Myr for UCL. 
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Fig. 8. — Histograms of the isochronal ages for 
pre-MS and "pre-MS?" candidates in Tables 5 and 
6 from the models of DM97 and SDFOO. The filled 
bins are for stars with logT e // > 3.73, and the 
unfilled bins are for the entire (magnitude-biased) 
sample. Mean isochronal ages (with standard er- 
rors of the means and la uncertainties) are given 
for the unbiased sample (logT e j^ > 3.73). Out- 
liers with isochronal ages of >40 Myr are counted 
within the 40 Myr bin. 
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Fig. 9. — Theoretical H-R diagram for the B- 
star candidate members of the LCC & UCL mem- 
berships using the evolutionary tracks of Bertclli 
et al. (1994). Only the most massive Hippar- 
cos members were included in the age estimates. 
The unusual variable HIP 67472 {p Ccn; B2Vnpe; 
logL/L , logTe// = 4.43, 4.0) was excluded from 
the UCL turn-off age estimate. 
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Fig. 10. — Map of the UCL and LCC subgroups 
of the Sco-Cen OB association (Sco OB2). The 
B-star population from de Zeeuw et al. (1999) is 
shown by filled squares. The pre-MS (and pre- 
MS?) sample from this survey is shown as open 
circles. Pre-ROSAT T Tauri stars in the HBC 
catalog associated with the Lupus cloud are shown 
as Xs (Herbig & Bell 1988). 
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Table 1 

Properties of de Zeeuw et al. (1999) Sco-Cen G-K Candidate Members 
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7.91i0.02 7.59i0.06 7.51i0.02 1RXS J114724. 3-495250, TWA 19A 
7.67i0.017.37i0.03 7.27i0.01var(0.06), 1RXS J120547. 8-510007 

8.0410.01 7.69i0.02 7.61i0.03 1RXS J121627.9-500829 

7.6810.02 7.40i0.05 7.28i0.03var(0.02), 1RXS J122840.3-552707 
7.60i0.01 7.26i0.01 7.14i0.01 ... 

7.7910.017.3810.03 7.25i0.01var(0.10), 1RXS J124751. 7-512638 
7.02i0.04 6.79i0.02 6.71i0.01 ... 

7.78i0.01 7.44i0.03 7.36i0.03 var(0.03) 

8.4510.01 8.16i0.03 8.10i0.01 1RXS J132435. 3-555719 

8.5010.02 8.18i0.03 8.08i0.03 var(0.05, P=1.09d),V966 Cen.lRXS J132548. 2-481451 
8.43i0.01 8.00i0.03 7.83i0.01 1RXS J133152. 6-511335 

6.21i0.01 5.85i0.03 5.77i0.01 var(0.08),CCDM 1343-6908, 1RXS ,1134306.8-690754 

8.5810.018.3010.04 8.16i0.02 1RXS J135005. 7-405001 

5.2910.00 5.40i0.04 4.92i0.05 CCDM 14041-3716 
8.52i0.018.06i0.02 7.94i0.02var(0.15), V1009 Con 

8.1910.01 7.93i0.02 7.81i0.01 ... 
5.86i0.01 5.48i0.02 5.20i0.01 ... 

7.37i0.01 7.05i0.03 6.92i0.02 1RXS J153026. 1-321815 
7.98i0.01 7.63i0.05 7.52i0.01 1RXS J153706. 0-400929 

8.6110.01 8.34i0.03 8.32i0.02 ... 

8.2710.02 7.86i0.03 7.79i0.02 ... 

8.4310.02 8.04i0.02 8.23i0.04 CCDM 15450-3412, 1RXS J154458. 0-341143 
8.30i0.01 7.97i0.03 7.88i0.02 var(0.11),lRXS J154502. 0-405043 
8.81i0.01 8.27i0.02 8.13i0.02 1RXS J154944. 7-392509 

8.1510.03 7.78i0.06 7.67i0.02 1RXS J155113. 5-421858 
8.07i0.01 7.85i0.03 7.98i0.03 CCDM 16147-3839 

8.0410.01 7.71i0.01 7.62i0.01 1RXS J162752. 8-354702 

8.4510.02 8.09i0.04 7.99i0.03 ... 
7.91i0.02 7.66i0.03 7.55i0.03 ... 
8.36i0.02 8.37i0.05 8.08i0.04 ... 



Note. — Columns: (1) Hipparcos ID, (2) OB subgroup region, (3) J2000.0 position, (4) proper motion components (mas yr — x ; where fi a * — fi a cosS), (5) V magnitude 
(Johnson), (6) B — V color (Johnson), (7) Spectral types from the Michigan Spectral Survey (Vol. 1-3); "ql" indicates the flag "quality — 1" in the MSS catalog, where q— 1,2 
stars are judged to have reliable spectral types, (8-10) 2MASS JHK S magnitudes, (11) Notes on variability, X-ray counterparts, and multiple star system name (CCDM) 
from Hipparcos. "Var.(N.NN)" indicates that the H6 field in the Hipparcos catalog is identified as being variable in the broad H p pass-band. The magnitude scatter N.NN 
in H p is listed, and period P if found. Near-IR photometry is from the preliminary 2MASS database. The name is given of RASS-BSC X-ray sources within 40" of Hipparcos 
stars; many of the variable stars are also ROSAT sources. Astrometric data and optical photometry arc from from the Hipparcos catalog European Space Agency (1997). 



Table 2 

Properties of RASS-ACT/TRC Candidates 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) (7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


Name 


OB 


a,(5(J2000) 
h m s ° ' " 


Ha*, 




St — Vt <T 


H 




1RXS 


sep. 


X-ray 


Hrdns. 


Table 5 


TYC 


Grp. 


(mas yr _1 ) 


(mag) 


(mag) (mag) 


(mag) 


(mag) 


Name 


(") 


(ct s" 1 ) 


HR1 


# 



9212- 
8625- 
8222- 
8982- 
8982- 
8640- 
8644- 
8644- 
9231- 
8636- 
8242- 
8637- 
8645- 
8641- 
8983- 
8633- 
8238- 
8234- 
8633- 
8641- 
8992- 
8646- 
8654- 
8659- 
8992- 
8249- 
7783- 
8655- 
9245- 
8648- 
8652- 
8258- 
8990- 
8259- 
8649- 
8248- 
9246- 
8663- 
7796- 
8667- 
8270- 
8263- 
7811- 
7815- 
9244- 
8285- 
8282- 



2011-1 

388-1 

105-1 

3046-1 

3213-1 

2515-1 

802-1 

340-1 



1566 

2515 

1324 

2610 

1339 

2187 

98-1 

508-1 

1462-1 

2856-1 

28-1 

1281-1 

605-1 

166-1 

1115-1 

2604-1 

420-1 

52-1 

1908-1 

149-1 

617-1 

446-1 

1791-1 

1878-1 

701-1 

689-1 

251-1 

539-1 

971-1 

1375-1 

1788-1 

283-1 

2015-1 

2453-1 

2909-1 

2029-1 

814-1 

847-1 

516-1 



LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
LCC 
UCL 
LCC 
UCL 
UCL 
UCL 
UCL 
LCC 
UCL 
UCL 



10:57 
11:32 
11:35 
12:04 
12:04 
12:06 
12:09 
12:11 
12:11 
12:12 
12:14 
12:14 
12:18 
12:18 
12:19 
12:21 
12:21 
12:22 
12:22 
12:23 
12:36 
12:36 
12:39 
12:41 
12:44 
12:45 
12:48 
12:48 
12:58 
13:01 
13:02 
13:06 
13:13 
13:14 
13:17 
13:22 
13:22 
13:34 
13:37: 
13:43: 
13:47 
13:52 
14:02 
14:09: 
14:16: 
14:16: 
14:27: 



:49.38 
08.34 
03.76 
14.42 
48.87 
13.54 
41.86 
:31.43 
38.14 
:35.75 
:34.09 
52.31 
27.64 
58.02 
21.64 
:16.48 
55.65 
:04.30 
33.23 
:40.13 
38.97 
58.97 
37.96 
18.17 
34.82 
:06.76 
07.79 
48.18 
25.58 
50.70 
37.54 
40.12 
:28.11 
23.84 
56.94 
:04.46 
07.54 
:20.26 
57.29 
28.53 
:50.55 
47.80 
:20.73 
03.58 
05.67 
57.91 
05.56 



69:13:59.9 
58:03:20.0 
48:50:22.0 
64:18:51.7 
64:09:55.4 
57:02:16.8 
58:54:45.0 
58:16:53.2 
71:10:36.0 
55:20:27.3 
51:10:12.5 
55:47:03.6 
59:43:12.9 
57:37:19.2 
64:54:10.4 
53:17:44.9 
49:46:12.5 
48:41:24.9 
53:33:49.0 
56:16:32.5 
63:44:43.5 
54:12:18.0 
57:31:40.7 
58:25:56.0 
63:31:46.2 
47:42:58.2 
44:39:16.8 
56:35:37.8 
70:28:49.2 
53:04:58.3 
54:59:36.8 
51:59:38.6 
60:00:44.6 
50:54:01.9 
53:17:56.2 
45:03:23.1 
69:38:12.3 
52:40:36.1 
41:34:41.9 
54:36:43.5 
49:02:05.5 
46:44:09.2 
41:44:50.8 
44:38:44.4 
69:17:36.0 
49:56:42.3 
47:14:21.8 



-36.1±2.4 
-41.6±3.1 
-24.7±2.0 
-28.9±3.9 
-32.9±3.5 
-24.6±2.8 
-33.8±3.1 
-36.0±2.6 
-38.9±1.4 
-34.5±2.1 
-35.7±2.1 
-38.3±3.6 
-41.6±3.7 
-36.5±1.8 
-37.0±3.0 
-36.8±1.9 
-37.4±1.5 
-30.0±2.0 
-31.7±1.5 
-33.1±3.3 
-37.8±2.0 
-32.3±3.3 
-35.2±2.5 
-37.7±2.5 
-31.2±3.3 
-31.2±1.3 
-39.7±1.3 
-29.4±1.7 
-43.1±1.5 
-32.6±4.4 
-25.5±2.0 
-33.3±2.4 
-26.6±3.0 
-27.4±2.1 
-23.4±3.4 
-26.7±1.6 
-40.8±2.5 
-33.4±1.6 
-36.7±1.2 
-44. Oil. 8 
-24.3±2.2 
-22.7±1.3 
-27.6±2.0 
-20.9±1.1 
-29.4±2.4 
-23.2±1.1 
-25.5±1.7 



5.7±2.3 

-1.4±3.0 

-7.0±1.9 

-4.7±3.7 
+0.8±3.1 

-7.7±2.6 
■11.8±2.8 

-8.7±1.8 

-8.3±1.4 
■13.4±2.3 
-12.9±1.9 

-7.2±3.4 

-1.9±3.3 
■10.2±1.5 
■11.2±2.8 

-7.7±1.8 
■14.2±1.3 
■12.1±1.9 

-7.7±1.5 
-14.0±3.0 

-9.7±1.9 
■13.9±3.0 
■21.9±2.4 
■17.6±2.3 

-7.7±3.0 
■14.4±1.3 
■18.0±1.3 

-9.4±1.7 
■18.7±1.5 
■19.5±4.0 

-6.6±2.0 
■15.7±2.2 

-5.3±2.8 
■16.4±1.9 

-8.3±3.2 
■13.3±1.4 
■23.0±2.3 
■21.1±1.3 
■24.2±1.2 
■20.8±1.8 
■14.7±2.0 
■18.9±1.4 
■19.4±1.9 
■22.6±1.1 
■16.0±2.3 
■22.1±1.1 
■21.2±1.6 



10.49±0.04 
10.02±0.03 
10.35±0.03 
10.09±0.03 
9.49±0.02 
10.77±0.05 
10.21±0.03 
10.29±0.04 
9.23±0.02 
10.58±0.04 
10.38±0.03 
9.73±0.02 
10.82±0.05 
9.96±0.03 
10.21±0.04 
9.41±0.02 
10.10±0.03 
10.59±0.04 
9.49±0.02 
10.94±0.06 
9.98±0.03 
10.50±0.04 
10.21±0.03 
10.01±0.03 
10.91±0.05 
10.48±0.04 
9.82±0.03 
10.31±0.03 
10.01±0.03 
11.18±0.06 
10.35±0.03 
10.62±0.04 
10.08±0.02 
10.48±0.04 
10.48±0.05 
10.10±0.03 
10.54±0.04 
9.37±0.02 
10.17±0.04 
9.39±0.02 
10.91±0.07 
9.69±0.03 
10.80±0.06 
9.46±0.02 
10.21±0.03 
8.77±0.01 
10.68±0.05 



1.09±0.08 
1.02±0.06 
0.75±0.05 
0.75±0.05 
0.79±0.03 
0.81±0.08 
1.26±0.07 
1.00±0.07 
0.79±0.03 
1.11±0.08 
1.05±0.06 
0.92±0.04 
0.95±0.09 
1.02±0.05 
1.01±0.07 
0.76±0.03 
0.90±0.05 
0.95±0.06 
0.72±0.03 
0.94±0.09 
1.10±0.05 
1.07±0.07 
0.88±0.05 
0.81±0.05 
1.40±0.14 
0.86±0.06 
0.93±0.05 
0.92±0.05 
0.98±0.06 
1.02±0.13 
0.72±0.05 
0.91±0.07 
0.70±0.04 
0.96±0.08 
0.72±0.08 
0.77±0.06 
1.08±0.08 
0.71±0.03 
0.97±0.06 
0.77±0.03 
0.90±0.11 
0.72±0.04 
0.90±0.10 
0.71±0.04 
0.72±0.06 
0.71±0.02 
0.95±0.08 



8.49±0.03 
8.09±0.02 
9.22±0.02 
8.82±0.01 
8.05±0.01 
9.25±0.03 
8.31±0.01 
8.58±0.01 
7.68±0.01 
8.73±0.02 
8.69±0.01 
8.04±0.02 
8.45±0.01 
7.96±0.01 
8.03±0.01 
8.08±0.01 
8.49±0.02 
8.78±0.02 
8.18±0.01 
9.02±0.02 
8.02±0.01 
8.75±0.04 
8.67±0.01 
8.40±0.01 
8.54±0.01 
8.70±0.02 
8.12±0.01 
8.88±0.01 
8.20±0.02 
9.44±0.02 
8.86±0.01 
8.90±0.01 
8.76±0.01 
8.68±0.03 
8.86±0.03 
8.97±0.03 
8.28±0.03 
8.04±0.01 
8.47±0.01 
8.03±0.01 
9.30±0.01 
8.41±0.02 
8.99±0.02 
8.25±0.01 
8.74±0.01 
7.43±0.02 
9.06±0.03 



8.02±0.05 
7.64±0.04 
8.93±0.03 
8.50±0.02 
7.71±0.01 
8.84±0.03 
7.81±0.01 
8.09±0.03 
7.31±0.04 
8.25±0.03 
8.26±0.04 
7.66±0.02 
7.84±0.01 
7.47±0.04 
7.55±0.01 
7.74±0.02 
8.05±0.02 
8.27±0.03 
7.91±0.04 
8.53±0.05 
7.51±0.01 
8.28±0.03 
8.23±0.04 
8.02±0.02 
8.01±0.01 
8.23±0.02 
7.69±0.05 
8.48±0.02 
7.70±0.06 
8.91±0.02 
8.57±0.03 
8.44±0.04 
8.45±0.02 
8.27±0.03 
8.49±0.05 
8.63±0.05 
7.65±0.02 
7.69±0.04 
8.03±0.04 
7.68±0.01 
8.81±0.05 
8.07±0.04 
8.55±0.04 
7.98±0.05 
8.39±0.02 
7.12±0.02 
8.65±0.03 



7.79±0.01 
7.48±0.02 
8.86±0.03 
8.40±0.02 
7.61±0.01 
8.77±0.03 
7.66±0.01 
7.96±0.02 
7.19±0.02 
8.13±0.02 
8.13±0.02 
7.52±0.01 
7.73±0.01 
7.31±0.01 
7.38±0.01 
7.65±0.02 
8.02±0.03 
8.17±0.01 
7.78±0.02 
8.37±0.03 
7.35±0.01 
8.16±0.02 
8.13±0.03 
7.89±0.01 
7.87±0.01 
8.10±0.01 
7.51±0.02 
8.39±0.02 
7.56±0.02 
8.78±0.02 
8.48±0.02 
8.27±0.01 
8.42±0.02 
8.10±0.04 
8.39±0.03 
8.55±0.03 
7.31±0.01 
7.56±0.03 
7.89±0.02 
7.63±0.02 
8.70±0.03 
7.94±0.01 
8.42±0.03 
7.86±0.02 
8.36±0.02 
7.03±0.01 
8.52±0.03 



.7105751.2- 
J113209.3- 
J113501.5- 
J120413.3- 
J120448.2- 
J120613.9- 
J120941.5- 
J121131.9- 
J121137.3- 
J121236.4- 
J121434.2- 
J121452.4- 
J121828.6- 
J121858.2- 
J121919.4- 
J122116.7- 
J122155.9- 
.7122204.0- 
J122233.4- 
J122339.9- 
J123637.5- 
J123657.4- 
J123938.4- 
J124118.5- 
J124432.6- 
J124506.9- 
J124807.6- 
J124847.4- 
.7125824.6- 
J130153.7- 
J130237.2- 
J130638.5- 
J131327.3- 
J131424.3- 
J131754.9- 
.7132204.7- 
J132207.2- 
J133420.0- 
J133758.0- 
J134332.7- 
J134748.0- 
J135247.0- 
.7140220.9- 
.7140902.6- 
J141605.3- 
J141658.4- 
.7142705.3- 



691402 
580319 
485011 
641837 
640942 
570215 
585440 
581651 
711032 
552037 
511004 
554704 
594307 
573713 
645406 
531747 
494609 
484118 
533347 
561628 
634446 
541217 
573141 
582556 
633139 
474254 
443913 
563525 
702848 
530446 
545933 
515948 
600032 
505402 
531758 
450312 
693812 
524032 
413448 
543638 
490158 
464412 
414435 
443838 
691756 
495648 
471420 



10 1. 

7 8 

24 1 

16 2 



5 
14 
3 
3 
7 
2 

4 8 
10 2 
13 1 



13 9 

4 2 
29 8 

4 1 
17 8 
13 

4 
18 
10 

1 

4 
10 
36 
26 

8 
15 
12 
20 

7 

3 



61e-01 
25e-02 
Olc-01 
77e-01 
47c-01 
44c-01 
33e-01 
41c-01 
68e-01 
83e-01 
77e-01 
65e-01 
78e-01 
93e-01 
55e-01 
34e-01 
13c-01 
lOc-01 
43e-01 
03e-02 
17c-01 
06e-01 
34e-01 
19e-01 
llc-01 
22e-01 
33e-01 
77e-02 
30e-01 
19e-02 
59e-01 
46e-02 
23e-01 
72e-01 
60e-01 
06e-02 
58e-01 
51e-01 
22e-01 
81c-01 
50e-01 
96e-01 
68e-02 
73e-01 
10e-02 
59e-01 
53c-01 



0.31 
0.03 
0.49 
0.32 
0.46 
0.27 
0.16 
0.09 
0.34 
-0.02 
0.32 
0.37 
0.39 
0.23 
0.26 
-0.03 
0.59 
0.88 
0.00 
0.15 
0.09 
0.44 
0.33 
0.81 
0.39 
0.30 
0.05 
0.77 
0.11 
0.12 
0.92 
0.58 
0.36 
0.41 
0.36 
0.53 
0.59 
0.44 
0.27 
0.22 
-0.10 
0.67 
0.37 
0.67 
0.47 
0.15 
-0.12 



3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 



Table 2 — Continued 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) (7) 


(8) 


(9) (10) 


(11) 


(12) 


(13) 


(14) 


Name 


OB 


a, 5(J2000) 


Ha,, fig 






H 


K s 1RXS 


sep. 


X-ray 


Hrdns. 


Table 5 


TYC 


Grp. 


h m s ° ' " 


(mas yr -1 ) 


(mag) 


(mag) (mag) 


(mag) 


(mag) Name 


(") 


(ct s- 1 ) 


HR1 


# 



7817- 
7813- 
7814- 
8683- 
8283- 
8283- 
7305- 
7828- 
7310- 
7310- 
7824- 
7833- 
7829- 
8297- 
7319- 
7833- 
7833- 
7833- 
8293- 
8294- 
8694- 
7822- 
8295- 
7326- 
7318- 
7327- 
7840- 
7848- 
6785- 
7331- 
7845- 
8317- 
7842- 
7333- 
7333- 
7863- 
7855- 
7851- 
7355- 
8319- 
7852- 
7857- 
7857- 
7853- 
7353- 
7349- 
7858- 



622-1 

224-1 

1450-1 

242-1 

264-1 

2795-1 

380-1 

2913-1 

2431-1 

503- 1 
1291-1 
2037-1 

504- 1 
1613-1 
749-1 
1106-1 
2400-1 
2559-1 
92-1 
2230-1 
1685-1 
158-1 
1530-1 
928-1 
593-1 
1934-1 
1280-1 
1659-1 
510-1 
782-1 
1174-1 
551-1 
250-1 
1260-1 
719-1 
1629-1 
1106-1 
1-1 
317-1 
1687-1 
51-1 
648-1 
514-1 
227-1 
2640-1 
2191-1 
526-1 



UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 
UCL 



14:28: 
14:28: 
14:37: 
14:37: 
14:41 
14:47 
14:50 
14:52: 
14:57: 
14:58: 
14:59: 
15:00: 
15:01: 
15:01: 
15:07: 
15:08: 
15:08: 
15:08: 
15:09: 
15:12: 
15:18: 
15:18 
15:25 
15:29 
15:31 
15:37: 
15:37: 
15:38 
15:39 
15:44 
15:45 
15:46 
15:56 
16:01 
16:01 
16:03 
16:03 
16:05 
16:13 
16:14 
16:18 
16:21 
16:23: 
16:27: 
16:31: 
16:35: 
16:38: 



09.30 
19.38 
04.22 
:50.23 
35.00 
:31.77 
:25.81 
41.98 
19.63 
37.70 
22.76 
51.88 
11.56 
58.82 
14.81 
00.55 
37.75 
38.50 
27.93 
50.18 
01.74 
:26.91 
59.65 
:38.58 
:21.93 
02.14 
11.30 
:43.06 
:24.41 
:03.77 
52.25 
:51.79 
59.05 
:07.93 
:08.97 
45.37 
52.50 
45.00 
:58.02 
:52.01 
38.56 
:12.19 
29.55 
30.55 
42.03 
35.99 
38.47 



-44:14:17.4 
-42:19:34.1 
-41:45:03.0 
-54:57:41.1 
-47:00:28.8 
-48:00:05.7 
-35:06:48.6 
-41:41:55.2 
-36:12:27.4 
-35:40:30.4 
-40:13:12.1 
-43:31:21.0 
-41:20:40.6 
-47:55:46.4 
-35:04:59.6 
-43:36:24.9 
-44:23:16.9 
-44:00:52.1 
-46:50:57.2 
-45:08:04.5 
-53:17:28.8 
-37:38:02.1 
-45:01:15.8 
-35:46:51.3 
-33:29:39.5 
-31:36:39.8 
-40:15:56.8 
-44:11:47.4 
-27:10:21.9 
-33:11:11.2 
-42:22:16.5 
-49:19:04.7 
-39:33:43.1 
-32:54:52.5 
-33:20:14.2 
-43:55:49.2 
-39:39:01.3 
-39:06:06.5 
-36:18:13.4 
-50:26:18.5 
-38:39:11.8 
-40:30:20.6 
-39:58:00.8 
-37:49:21.6 
-35:05:17.2 
-33:26:34.7 
-39:33:03.5 



18.4±2.0 
19.7±1.5 
21.5±2.0 
18.3±2.5 
29.6±1.3 
29.6±2.3 
18.2±2.6 
22.6±2.2 
26.6±1.6 
21.4±2.2 
26.0±1.4 
20.1±2.1 
■14.9±1.7 
22.2±1.7 
34.1±2.4 
21.8±1.4 
17.9±2.1 
23.5±2.1 
19.9±2.1 
19.8±2.1 
-28.7±2.5 
22.5±2.6 
21.9±2.2 
21.7±2.0 
25.8±2.5 
■17.8±1.6 
16.7±1.9 
23.2±1.6 
20.2±1.7 
22.2±2.6 
18. Oil. 5 
19.7±1.6 
15.1±2.0 
■18.3±1.4 
12.3±2.1 
12.5±1.1 
16.4±2.4 
16.8±2.2 
18.4±2.0 
19.9±2.1 
25.9±1.3 
-9.1±1.4 ■ 
12.5±2.1 
10.0±2.5 
16.2±1.9 
-6. Oil. 8 - 
10.4±1.3 



-20.6±1.9 
-19.8±1.7 
-19.1±1.9 
-25.8±2.4 
-27.4±1.2 
-16.7±2.3 
-15.8±2.6 
-21.4±2.1 
-22.3±1.7 
-26.0±2.3 
-26.5±1.6 
-19.1±2.0 
-15.1±1.7 
-18.2±1.6 
-30.1±2.5 
-16.5±1.4 
-17.6±2.0 
-24.2±1.9 
-16.1±2.0 
-22.4±2.0 
-28.3±2.3 
-28.3±2.6 
-21.3±2.0 
-26.1±2.1 
-31.5±2.5 
-29. Oil. 6 
-22.5±1.9 
-28.4±1.5 
-29.8±1.6 
-29.7±2.6 
-30.4±1.6 
-27.9±1.5 
-21.6±2.0 
-29.6±1.5 
-23.0±2.2 
-22.6±1.4 
-28.4±2.3 
-31.1±2.2 
-32.3±2.1 
-29.2±2.0 
-34. Oil. 5 
28.1±1.4 
-24.1±2.1 
-23.4±2.6 
-27.6±2.0 
23.0±2.1 
-19.2±1.3 



9.87±0.03 
10.55±0.05 
9.77±0.02 
10.80±0.06 
10.09±0.03 
10.79±0.06 
10.83±0.07 
11.02±0.09 
10.36±0.05 
10.88±0.07 
9.80±0.04 
11.23±0.08 
10.09±0.03 
10.22±0.04 
10.59±0.06 
9.93±0.03 
10.91±0.07 
10.61±0.05 
10.60±0.05 
10.79±0.07 
10.21±0.04 
11.11±0.09 
10.98±0.07 
10.54±0.06 
10.99±0.08 
10.06±0.04 
10.55±0.05 
10.36±0.05 
9.65±0.03 
10.97±0.07 
10.61±0.05 
10.29±0.04 
10.90±0.07 
9.58±0.02 
10.99±0.07 
9.74±0.03 
11.12±0.08 
10.63±0.06 
11.26±0.09 
10.50±0.05 
9.09±0.02 
10.67±0.05 
10.73±0.06 
11.05±0.07 
10.72±0.05 
11.09±0.07 
9.05±0.02 



0.90±0.05 
0.79±0.09 
0.72±0.04 
0.77±0.09 
0.88±0.04 
0.75±0.09 
0.97±0.13 
1.35±0.22 
0.97±0.09 
1.37±0.20 
0.86±0.07 
0.81±0.13 
0.77±0.06 
0.71±0.07 
l.OOiO.ll 
0.87±0.06 
0.80±0.11 
0.70±0.09 
1.09±0.09 
0.85±0.11 
0.86±0.07 
0.87±0.15 
0.88±0.12 
1.07±0.11 
0.72±0.12 
0.70±0.06 
1.24±0.10 
0.85±0.08 
0.81±0.05 
0.95±0.12 
1.15±0.09 
1.04±0.08 
0.94±0.12 
0.73±0.04 
1.15±0.16 
1.06±0.05 
1.15±0.18 
1.00±0.10 
1.17±0.21 
0.96±0.09 
0.69±0.03 
1.01±0.09 
0.88±0.09 
0.84±0.12 
0.81±0.08 
0.93±0.13 
0.73±0.04 



8.31±0. 


01 


7.93±0 


03 


7.78±0 


03 


8.92±0. 


01 


8.51±0. 


03 


8.40±0. 


.03 


8.26±0. 


01 


7.90±0. 


02 


7.80±0. 


03 


8.94±0. 


01 


8.46±0. 


02 


8.32±0. 


02 


8.43±0. 


01 


7.98±0. 


03 


7.88±0. 


03 


9.37±0. 


01 


9.04±0. 


01 


8.96±0. 


03 


8.75±0. 


03 


8.24±0. 


.02 


8.11±0. 


03 


9.05±0. 


02 


8.40±0. 


02 


8.29±0. 


03 


8.78±0. 


.03 


8.44±0. 


.04 


8.30±0. 


.03 


8.65±0. 


01 


8.08±0. 


03 


7.90±0. 


01 


8.34±0. 


01 


7.97±0. 


04 


7.82±0. 


02 


9.31±0. 


03 


8.88±0. 


02 


8.75±0. 


03 


8.78±0. 


03 


8.47±0. 


05 


8.33±0. 


03 


8.91±0. 


01 


8.59±0. 


02 


8.51±0. 


02 


8.87±0. 


01 


8.42±0. 


05 


8.35±0. 


03 


8.20±0. 


01 


7.86±0. 


04 


7.71±0. 


02 


9.33±0. 


.03 


8.95±0. 


02 


8.81±0. 


.03 


8.95±0. 


02 


8.54±0. 


03 


8.54±0. 


03 


8.39±0. 


04 


7.83±0. 


04 


7.72±0. 


02 


9.13±0. 


01 


8.74±0. 


03 


8.67±0. 


02 


8.51±0. 


02 


8.12±0. 


04 


8.01±0. 


02 


9.07±0. 


03 


8.63±0. 


.04 


8.53±0. 


.03 


9.45±0. 


02 


8.98±0. 


02 


8.88±0. 


02 


8.77±0. 


01 


8.27±0. 


03 


8.19±0. 


03 


9.39±0. 


03 


8.95±0. 


06 


8.81±0. 


03 


8.28±0. 


03 


7.76±0. 


04 


7.72±0. 


02 


8.98±0 


.01 


8.46±0. 


.05 


8.31±0. 


03 


8.81±0 


.05 


8.36±0. 


04 


8.22±0. 


.03 


8.04±0 


.03 


7.64±0 


.03 


7.53±0 


.01 


9.05±0 


02 


8.55±0 


.01 


8.41±0 


.03 


8.69±0 


.02 


8.09±0 


.04 


7.94±0 


.02 


8.69±0 


.01 


8.36±0 


.03 


8.31±0 


.02 


9.20±0 


02 


8.83±0 


.03 


8.70±0 


.03 


8.46±0 


.01 


8.16±0 


.04 


8.08±0 


.02 


9.01±0 


.02 


8.55±0 


.03 


8.46±0 


.03 


7.93±0 


.02 


7.42±0 


.03 


7.30±0 


.01 


8.98±0 


.03 


8.35±0 


.03 


8.21±0 


.03 


8.93±0 


.02 


8.52±0 


.04 


8.36±0 


.03 


9.41±0 


.02 


8.98±0 


.03 


8.84±0 


.03 


8.38±0 


.01 


7.91±0 


.01 


7.76±0 


.01 


8.02±0 


.01 


7.79±0 


.05 


7.69±0 


.02 


8.97±0 


.02 


8.55±0 


.02 


8.43±0 


.02 


9.47±0 


02 


9.10±0 


03 


8.99±0 


.03 


9.29±0 


.02 


8.81±0 


.04 


8.66±0 


.03 


9.19±0 


.02 


8.75±0 


.02 


8.63±0 


.02 


8.99±0 


02 


8.44±0 


.03 


8.28±0 


.02 


7.52±0 


.01 


7.25±0 


.02 


7.15±0 


.01 



J142809 
J142817 
J 143704 
J143750 
J144135 
J144732 
J145025 
J145240 
J145720 
J145837 
J145923 
J150052 
J150112 
J150158 
J150714 
J150759 
J150836 
J150838 
J150928 
J151250 
J151802 
J151827 
J152600 
J152937 
J153121 
J153701 
J153711 
J153843 
J153924 
J154404 
J154552 
J154651 
J155659 
J160108 
J160108 
J160345 
J160352 
J160545 
J161357 
J161451 
J161839 
J162112 
J162330 
J162730 
J163143 
J163533 
J163839 



6-441438 
6-421958 

6- 414504 
9-545708 

3- 470039 
2-480019 

4- 350645 

7- 414206 

4- 361242 

6- 354036 
0-401319 

5- 433107 
0-412040 
5-475559 
5-350500 
9-433642 
0-442325 

5- 440048 

2- 465109 
0-450822 

0- 531719 

3- 373808 
9-450113 

7- 354656 

8- 333002 

9- 313647 

6- 401608 

1- 441149 

0- 271035 

1- 331120 

7- 422227 
5-491922 
0-393400 
0-325455 
9-332021 

8- 435544 
0-393901 

8- 390559 

9- 361813 
3-502621 
0-383927 

0- 403032 

1- 395806 
0-374929 
7-350521 
9-332631 

2- 393307 
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44 
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n "ZA 


A 

40 


A 

4 


l.uoC- 


n i 

■U 1 


U.Dc5 


4u 


33 


2.20c- 


n 1 

■U 1 


0.07 


AT 
4 f 


1 1 


6. 12c- 


-0 1 


0.15 


A ft 
4o 


14 




-02 


0.50 


4y 


6 


9.03c- 


-02 


0.35 


50 


1 7 
1 1 


1 .30c- 


-0 1 


0.21 


51 


1 1 
1 1 


O.DiC- 




u.oy 


oz 


c 
O 


o.ouc- 


no 


n fin 

U.DU 


oo 


*7 
1 


l.O ( c- 


n i 

■U 1 


U.OO 


KA 


1 ^ 


7 ^7<-, 


no 

-UZ 


U.oy 


Do 


A 

4 


1. 78c- 


-0 1 


0.41 


56 


13 


5 . 7c- 


-02 


0.42 


57 


3 


7.39c- 


-02 


0.71 


58 


18 


8.84c- 


-02 


0.88 


'"' 


20 


1 . 73c- 


-0 1 


0.45 


59 


4 


1.21c- 


-01 


0.19 


60 


1 1 

LA 




no 

-UZ 


i nn 
1 .UU 




1 7 
1 1 


1 A i^q 
1 .40C- 


n i 

-U 1 


U. ly 


ol 


i n 


Z.ZoG- 


n 1 

-U 1 


n r\A 
-U.U4 


fi o 

oz 


7 
I 


1.30c- 


-0 1 


0.37 


63 


13 


6. 10c- 


-02 


-0. 15 


64 


1 1 


1 .05c- 


-0 1 


0.21 


65 


23 


9.34c- 


-02 


0.06 


■■ 


*7 
1 


3.92c- 


-0 1 


0.32 


66 


1 1 
1 1 


Z.Z 1 c- 


n 1 

-U 1 


n i a 

-U. 14 


fi7 


1 


1.41c- 


-01 


-0.01 


68 


1 A 
14 


2.33c- 


-0 1 


0.59 


69 


10 


7. 72c- 


-02 


0.42 


70 


1 1 


4. 13c- 


-0 1 


0.07 


71 
1 1 


1 7 
1 ( 


1. 78c- 


-0 1 


0.07 


70 
( Z 


16 


9.87c- 


-02 


-0.02 


7Q 


3 


1.93e- 


■01 


0.34 


74 


7 


9.66e- 


-02 


0.75 


75 


6 


4.09e- 


■01 


0.21 


76 


5 


1.29e- 


■01 


-0.02 


77 


11 


1.57e- 


■01 


0.46 


78 


1 


1.74c- 


■01 


0.03 


79 


7 


2.37c- 


■01 


0.15 


80 


16 


1.62e- 


■01 


-0.06 


81 


11 


1.29e- 


■01 


0.13 


82 


8 


7.93e- 


-02 


0.18 


83 


9 


6.24e- 


-02 


1.00 


84 


20 


8.92e- 


-02 


0.52 


85 


25 


1.65e- 


■01 


0.37 


86 


9 


8.45e- 


-02 


0.61 





Table 2 — Continued 



(1) (2) (3) 
Name OB a,(5(J2000) 
TYC Grp. h m s ° ' " 


(4) 
Co., Ma 

(mas yr _1 ) 


(5) (6) 
V^ -1 B'j' — Vt -1 
(mag) (mag) 


(7) (8) (9) (10) 
J H K s IRXS 
(mag) (mag) (mag) Name 


(11) 
sep. 

(") 


(12) 
X-ray 
(ct a" 1 ) 


(13) 
Hrdns. 
HR1 


(14) 
Table 5 
# 


7858-830-1 UCL 16:39:59.30 -39:24:59.2 
7871-1282-1 UCL 16:42:24.00 -40:03:29.7 


-9.7±2.2 -18.9±2.2 
-11.1±1.5 -20.2±1.3 


10.68±0.08 0.84±0.12 
9.70±0.03 0.88±0.06 


8.67±0.02 8.26±0.04 8.12±0.02 J163958. 7-392457 
8.03±0.03 7.63±0.05 7.46±0.02 J 164224. 5-400329 


7 

5 


7.39e-02 
9.83e-02 


0.96 
0.44 


87 

88 



Note. — Columns: (1) Tycho-2 name, (2) OB subgroup region, (3) J2000.0 position from Tycho-2 catalog, (4) proper motion (a*, S components) in mas yr 1 (where 
|U a * — fj, a cosS), (5) Vt magnitude, (6) (B — V)t color, (7-9) 2MASS JHK S magnitudes, (10) X-ray counterpart name in RASS-BSC, (11) optical-X-ray separation, 
(12) X-ray count rate (ct s _1 ), (13) Hardness ratio HR1, (14) Number in Table 5 if star is found to be "pre-MS" or "pre-MS?" in nature. X-ray data is from ROSAT 
All-Sky Survey BSC (Voges ct al. 1999), astrometry and optical photometry are from Tycho-2 catalog (H0g et al. 2000a), and ncar-IR photometry is from the 
2MASS working database. 



Table 3 
Spectral Standard Stars 



Name 


Name 


MK 


V 


tt ± a 


B — V 


\Fc/H] 


MSS 


Adopted 


notes 


HD 


HR 


Sp Tvdc 


(mag) 


(mas) 


(mag) 


adopted 


Sp.Type 


Sp Type 




182640 


7377 


FOIV 


3.36 


65.1 ±0.8 


0.32 




F2V 


FOIV 


a, b 


173677 


7061 


F6V 


4.19 


52.4 ±0.7 


0.48 


-0.1 




F6IV-V 


c 


84117 


3862 


F9V 


4.93 


67.2 ±0.7 


0.53 




GOV 


F9V 




121370 


5235 


GOIV 


2.68 


88.2 ±0.8 


0.58 


0.2 




GOIV 


b 


89010 


4030 


G1.5IV-V 


5.95 


32.9 ±0.9 


0.66 


0.0 




G1.5IV-V 




126868 


5409 


G2IV 


4.84 


24.2 ±1.0 


0.69 


0.0 


G3V 


G2III-IV 


a,d 


161239 


6608 


G2IIIb 


5.73 


26.1 ± 0.6 


0.68 






G2IV 




146233 


6060 


G2Va 


5.49 


71.3 ± 0.9 


0.65 


0.0 


G5V 


G2V 


a 


94481 


4255 


G4III 


5.65 


8.0 ±0.8 


0.83 




K0III+(G) 


G4III 




117176 


5072 


G4V 


4.97 


55.2 ±0.7 


0.71 


-0.1 




G4IV-V 


c 


188376 


7597 


G5IV 


4.70 


42.0±0.9 


0.75 


-0.1 


G3/5III 


G5IV 


f 


115617 


5019 


G6.5V 


4.74 


117.3 ±0.7 


0.71 


0.0 


G5V 


G6.5V 




114946 


4995 


G7IV-V 


5.31 


25.9±0.7 


0.86 


-0.1: 


G8III/IV 


G7IV 




188512 


7602 


G8IV 


3.71 


73.0 ±0.8 


0.86 


0.0: 


G8IV 


a 


165760 


6770 


G8III 


4.64 


13.7±0.8 


0.95 


-0.1 




G8III 




95272 


4287 


KO+III 


4.08 


18.7 ± 1.0 


1.08 


-0.1: 


K1III 


KO+III 




131511 


5553 


K0.5V 


6.00 


86.7 ±0.8 


0.84 






K0.5V 


a 


165438 


6756 


K1IV 


5.74 


28.6 ±0.8 


0.97 


0.0 


K0IV 


K1IV 




131977 


5568 


K4V 


5.72 


169.3 ± 1.7 


1.02 


0.0 


K4V 


K4V 




120467 




K6Va 


8.16 


70.5 ± 1.0 


1.26 






K6V 





Note. — SB1,2 — spectroscopic binary in either SIMBAD or Duquennoy & Mayor (1991). MSS — Michigan 
Spectral Survey Vols. 1-5 = Houk & Cowley (1975), Houk (1978), Houk (1982), Houk & Smith-Moore (1988), 
Houk & Swift (1999). The [Fc/H] estimate is adopted from the compilation of published values in Cayrel de 
Strobcl ct al. (2001). A semi-colon after the [Fc/H] value indicates considerable scatter (>0.2 dex) in the 
published estimates. 

a SIMBAD lists as variable or suspected var., however Hipparcos finds scatter in Hp < 0.015 mag. The typical 
scatter for the other standard stars was 0.005 mag in Hp (Hipparcos magnitude), with none greater than 0.01 mag. 

b Spectroscopic binary 

c From standard list of Garcia (1989), and originally in Johnson & Morgan (1953), but not listed in either 
Keenan & Yorka (1988) or Keenan & McNeil (1989). 

d HR 5409 is a resolved binary (sep. 5") listed by SIMBAD as a variable star, however Hipparcos found the 
scatter in the Hp band to be only 0.015 mag. 

e HR 5072 is the planet host 70 Vir. Keenan Sz McNeil (1989) call it G4V, however it is G5V in virtually every 
other reference (e.g. Gray, Graham, Sz Hoyt (2001)). Wc retain Kcenan's classification. 

i Hipparcos "G" binary 



Table 4 

Stellar Classification Scheme 



Li- Ha Lum. N(R-T) N(HIP) Adopted 



Rich 


Excess 


Class 


# 


# 


Class. 


Yes 


Yes 


IV 


94 


7 


Pre-main sequence (PMS) 


Yes 


No 


IV 


3 


6 


Probably pre-main sequence? (PMS?) 


Yes 


Strong 


IV 


1 





Pre-MS Classical T Tauri star (CTTS) a 


Yes 


Yes/No 


V 


4 


1 


Young Dwarf (ZAMS) 


No 


Yes 


V 


1 





Active Dwarf 


No 


Yes 


IV 


4 





Active Subgiant 


No 


No 


IV 


1 


2 


Subgiant 


No 


No 


III 





2 


Giant 


No 


No 


V 





2 


Dwarf (MS) 


No No(Wido) 


IV 


2 





Chromosph. -Active Binary (CAB) b 








107 


20 


Total 



Note.— N(R-T) is number in RASS-ACT/TRC sample. N(HIP) is number 
in Hipparcos sample. "Li-rich" implies significant Li absorption, and above 
the line in Fig. 3. "Active" means that the Ha equivalent widths arc >2 X 
the tr-rcsidual above the regression of values for field, standard stars (Fig. 2; 
Appendix C), implying that chromosphcric emission is filling in the absorp- 
tion line. Luminosity classes are assigned according to a star's placement in 
Fig. 1. 

a included in Prc-MS sample count. 
b includcd in subgiant sample count. 
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Table 5 

LCC & UCL Pre-Main Sequence Members from de Zeeuw et al. (1999) List 



Name 




a, <5(Vj2000) 


(4) 
THIP 


IbJ 




p 3 


Spec. 


w 

log(T e// ) 


(111) 

logL/Lg 




(12) 

EW(Hc) 


EW(Li) 


(14) 

log(Lx) 


(lb) 

log(L x / 


(IB) 
DM97 


HIP # 


Grp 


h m s d '" 


(mas) 


(mas) 


% 


% 


Typo 


(K) 


(dex) 


(mag) 


(A) 


(A) 


(org a -1 ) 




age, mass ag 





LCC 


11 


IV 


2 1 




- 1!) 


h:i 


U 1 


U 


!J.b2±1.39 


8.83: 


:U.t>U 


81 


97 


1-91 V 


3 


n:i 


:0 


001 





-14- 


:0 


06 


0.30: 


= 0.10 


2.0 





18 


30.8 


-3.3 


IB 


1 


3 


58996 


LCC 


12 


05 


47 


48 


-51 


00 


12 


1 


9.78±1.16 


9.79: 


:0.52 


91 


99 


G1IV 


3 


772: 


= 


005 





43: 


= 


05 


0.14- 


= 0.04 


3.3 





21 


30.5 


-3.6 


14 


1 


3 


59854 


LCC 


12 


16 


27 


84 


-50 


08 


35 


8 


8.24±1.78 


7.67: 


:0.61 


99 


100 


G1IV 


3 


772: 


= 


006 





49: 


= 


07 


0.37: 


= 0.11 


1.6 





20 


30.9 


-3.2 


13 


1 


4 


00885 


LCC 


12 


28 


10 


05 


-55 


27 


19 


3 


7.06±1.13 


9.49: 


= 0.52 


14 


78 


G0IV 


3 


778- 


= 


005 





10: 


zO 


05 


0.16: 


= 0.05 


2.7 





13 


30.3 


-3.8 


11 


1 


3 


60913 


LCC 


12 


2!) 


02 


25 


-64 


55 


00 


6 


10.48±1.12 


9.82: 


= 0.58 


100 


100 


G4.5IV 


3 


758- 


zO 


008 





43: 


:0 


05 


0.21- 


= 0.04 


2.0 





19 


<29.7 


<-4.3 


11 


1 


4 


6 2115 


LCC 


12 


47 


51 


87 


-51 


20 


38 


1 


6.61±1.54 


7.70- 


= 0.55 


13 


75 


G4.5IVc 


3 


758- 


:0 


013 





02: 


zO 


06 


0.00: 


= 0.00 


-1.8 





24 


30.7 


-3.4 


7 


1 


6 


63847 


LCC 


13 


05 


05 


29 


-64 


13 


55 


3 


9. 56 ±1.35 


10.18±0.61 


48 


89 


G3IV 


3 


764: 


= 


007 





36: 


zO 


06 


0.33: 


= 0.06 


1.6 





22 


<29.7 


<-4.3 


14 


1 


3 


65517 


LCC 


13 


25 


47 


83 


-48 


14 


57 


9 


9.59±1.44 


10.56±0.57 


50 


91 


G1.5IV 


3 


770- 


-0 


006 





02- 


zO 


05 


0.14- 


= 0.08 


1.9 





17 


30.4 


-3.3 




1 





66001 


LCC 


13 


31 


53 


61 


-51 


13 


33 


1 


5.99±1.71 


7.SS±0.62 


82 


97 


G2.5IV 


3 


706- 


:0 


011 





33: 


= 


07 


0.11: 


= 0.10 


1.2 





28 


30.6 


-3.2 


15 


1 


2 


66941 


LCC 


13 


43 


08 


69 


-69 


07 


39 




8.05±0.95 


9.37- 


= 0.52 


97 


100 


G0.5IV 


3 


775: 


zO 


008 


1 


09: 


zO 


05 


0.38- 


-0.04 


2.1 





16 


31.1 


-3.5 


3 


2 


4 


67522 


UCL 


13 


50 


06 


28 


-40 


50 


08 


8 


7.94±1.64 


7.91- 


-0.00 


93 


99 


G0.5IV 


3 


775: 


zO 


006 





25: 


zO 


07 


0.02- 


^0.10 


2.2 





15 


30.4 


-3.5 


20 


1 


2 


71178 


UCL 


14 


33 


25 


78 


-34 


32 


37 


6 


9.76±1.90 


8.71: 


= 0.56 


99 


100 


G8IVc 


3 


741: 


zO 


012 





16: 


zO 


06 


0.35: 


= 0.08 


-0.2 





26 


<29.8 


<-3.9 


14 


1 


2 


75924 


UCL 


15 


30 


26 


29 


-32 


18 


11 


6 


10.91±3.21 


9.79: 


= 0.79 


16 


57 


G2.5IV 


3 


765: 


zO 


006 





69: 


zO 


07 


0.37: 


= 0.07 


1.3 





24 


30.9 


-2.9 


7 


1 


6 


76472 


UCL 


15 


37 


01 


G6 


-40 


1)9 


22 


1 


5.70i 


= 1.63 


7.24- 


= 0.19 


95 


99 


G1IV 


3 


771: 


zO 


008 





60: 


zO 


06 


0.29: 


= 0.10 


0.4 





24 


30.8 


-3.3 


11 


1 


4 


77081 


UCL 


15 


44 


21 


05 


-33 


18 


55 





6.63i 


= 1.61 


7.66: 


= 0.59 


69 


92 


G7.5IV 


3 


742- 


zO 


008 





35: 


zO 


07 


0.15: 


= 0.00 


1.8 





25 


<29.9 


<-4.1 


9 


1 


4 


77135 


UCL 


15 


44 


57 


69 


-34 


11 


53 


7 


6.98i 


-2.92 


7.20: 


= 0.96 


91 


96 


G4IV 


3 


700: 


zO 


006 





42- 


zO 


12 


0.08: 


= 0.05 


2.2 





23 


30.5 


-3.4 


12 


1 


4 


77144 


UCL 


15 


45 


01 


83 


-40 


50 


31 





6.45: 


= 1.42 


8.00: 


= 0.53 


43 


86 


G0IV 


3 


778: 


zO 


007 





36: 


zO 


06 


0.08: 


= 0.05 


1.8 





17 


30.6 


-3.4 


17 


1 


2 


77524 


UCL 


15 


49 


44 


98 


-39 


25 


09 


1 


6.63: 


:1.93 


6.63: 


= 0.76 


96 


99 


Kl-IVc 


3 


705: 


zO 


013 





23: 


zO 


10 


-0.03 


to. 10 


-0.2 





32 


30.5 


-3.3 


4 


1 


4 


77656 


UCL 


15 


51 


13 


73 


-42 


18 


51 


3 


0.52: 


:1.37 


7.70: 


= 0.52 


100 


100 


G5IV 


3 


750: 


:0 


009 





11- 


:0 


00 


0.52: 


bo. 09 


1.7 





30 


30.3 


-3.8 


11 


1 


4 


80636 


UCL 


16 


27 


5 2 


31 


-35 


17 


00 


4 


8.5 1: 


-1.64 


6.56: 


= 0.52 


33 


82 


G0.5IV 


3 


771: 


zO 


007 





05: 


:0 


07 


0.39: 


= 0.08 


1.5 





21 


30.9 


-3.3 


10 


1 


5 


81380 


UCL 


10 


37 


12 


8 7 


-39 


00 


38 


1 


7.27: 


:1.91 


1.99: 


= 0.53 


92 


99 


G0IV 


3 


777: 


zO 


009 





71: 


zO 


10 


0.33: 


= 0.09 


2.5 





14 


<30.3 


<-4.0 


9 


1 


6 


81447 


UCL 


16 


38 


05 


53 


-34 


01 


10 


6 


5.90: 


-1.41 


5.80: 


= 0.52 


87 


97 


G0.5IV 


3 


775: 


zO 


005 





78: 


zO 


08 


0.03: 


= 0.07 


2.8 





13 


<30.2 


<-4.3 


8 


1 


6 



NOTE,— Columns: (1) Hipparcos catalog ID, (2) OB subgroup, (3) .12000.0 position, (4) Hipparcos astromctric parallax (mas), (5) Secular parallax estimate (mas) (see §6.3), (6) Membership probability (with v disp = 
kms -1 ), (8) Spectral type (sec §4.1), (9) Effective temperature (see §6.2), (10) Luminosity (sec §6.4), (11) Extinction Ay (sec §6.4), (12) Equivalent Width of ¥La A6562.8 (A), (13) Corrected EW of Li I A6707.8 (A 
upper limits assume RASS PSPC detection limit of 0.05 ct s — 1 and HR1 = 0), (15) Logarithm of ratio between X-ray and bolometric luminosities, (16) Age (in Myr) and Mass (in M/Mq) using DM97 tracks, (17 
(18) Age {in Myr) and Mass (in M/Mq) using SDF00 tracks, (19) Class — PMS = pre-main sequence, PMS? = pre-main sequence? {see §5.1), (20) Notes — SB — spectroscopic binary. 

a HIP 59854 = CCDM J 12 165-5009 AB. Unresolved binary (p = 0.2"). 

b HIP 65517. The Michigan Spectral Survey (Houk 1978) classifies this star as KO/2 ( V) + (G) (quality = 3). We found it to be much earlier (G1.5), and note that the published fa - y and B - V colors support an 
C HIP 66941 ~ HD 119022 — Star "E" of Sodcrblom ct al.'s (1998) high resolution survey of active southern stars. It is the most Li-rich of the very active stars in the Soderblom sample. We did not resolve this tight, ci 
d HIP 75924 = CCDM J15304-3218AB. Both stars were on the slit (p = 1.5"). 

C HIP 77135 = [KWS97] Lupus 1 26 = CCDM J 15450-34 12 AB . Binary is resolved (p = 3.4 ; ') but both were on-slit. 
f HIP 77524 = [KWS97] TTS 79 = CCDM J 15450-34 12 AB . Unresolved binary (p = 0.2"). 



Table 6 

Pre-Main Sequence LCC & UCL RASS-ACT/TRC Members 



















4 






ID 


Name 


OB 






a, 5(3 


2000) 




# 


TYC 




Grp 






h i 




d 


// 




1 


9212 


2011-1 


LCC 


1U 


!V/ 




"IT 


H5TT 


TT 


by.y 


2 


802 5 


388-1 


L C ' C ' 


11 


32 


08 


34 


-58 


03 


20.0 


3 


8982 


3213-1 


LCC 


12 


04 


18 


87 


-04 


09 


55.4 


4 


80 40 


2515-1 


LCC 


12 


00 


13 


54 


-57 


02 


10.8 


5 


8044 


802-1 


LCC 


12 


09 


41 


86 


-58 


54 


45.0 


6 


8011 


340- 1 


LCC 


12 


1 1 


31 


43 


-58 


10 


53.2 


7 


92 31 


1500-1 


LCC 


12 


1 1 


3,8 


14 


-71 


10 


30.0 


8 


8030 


2515-1 


LCC 


i % 


- 


35 


75 


-55 


20 




^ 


8242 


1324-1 


LCC 


12 


14 


34 


09 


-51 


10 


12.5 


10 


8037 


2610-1 


LCC 


L 2 


1 4 


5 2 


31 


-55 


47 


03.0 
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— u^n — 

log(L x / 

TXTJ 

-3.7 
-3.2 
-3.1 
-3.2 
-3.2 
-3.5 
-3.2 
-3.2 
-2.9 
-3.1 
-3.2 
-3.2 
-3.3 
-3.4 
-3.2 
-3.7 
-3.4 
-3.4 
-3.4 
-3.1 
-3.4 
-3.0 
-3.1 
-3.1 
-3.4 
-3.3 
-3.3 
-3.1 
-3.4 
-2.9 
-3.2 
-3.6 
-3.2 
-3.4 
-3.2 
-3.2 
-3.2 
-3.3 
-3.3 
-3.5 
-3.7 
-3.3 
-3.5 
-3.0 
-3.4 
-3.0 
-2.8 
-3.4 
-3.3 
-3.2 
-3.4 
-3.4 
-3.4 
-3.2 
-3.3 
-3.8 
-3.4 
-2.9 
-3.3 



-3.0 
-3.5 
-3.4 
-3.0 
-3.2 
-3.4 



-3.1 
-3.1 
-3.2 
-3.1 
-2.9 
-3.1 
-3.8 



— (W- 

DM97 



-3.4 
-3.3 
-3.3 
-3.0 
-3.3 
-3.7 



/ 1.2 

15 1.2 
14 1.3 

21 1.1 

7 1.4 
14 1.2 
13 1.3 
11 1.2 
17 1.1 

13 1.3 
6 1.2 
6 1.5 

4 1.5 

17 1.2 

22 1.1 

10 1.3 

16 1.3 

14 1.1 

5 1.5 

11 1.2 
24 1.0 
24 1.1 

4 1.4 

14 1.2 

18 1.1 

20 1.1 
11 1.2 

19 0.9 
16 1.2 

15 1.1 
15 1.2 
14 1.3 
26 1.2 

8 1.2 
18 1.2 

14 1.2 
24 1.1 

18 1.1 

15 1.3 
14 1.2 
14 1.3 

23 1.1 

19 1.1 
8 1.5 

14 1.3 
11 1.4 

8 1.3 
18 1.2 

3 1.8 

5 1.3 

16 1.2 
3 1.3 

15 1.2 
11 1.3 
10 1.5 
18 1.2 

21 1.0 
18 1.2 
21 1.1 



14 1.2 
21 1.0 

7 1.4 
9 1.4 
10 1.3 

15 1.2 



4 1.3 
13 1.2 

8 1.4 
18 1.2 
11 1.4 

2 2.1 

4 1.2 

18 1.1 
24 1.0 

6 1.5 

19 1.2 

11 1.3 
23 1.1 
8 1.4 
19 1.1 
2 1.3 
6 1.8 

5 1.9 



NOTE. — Columns: (1) short ID. (2) Tycho-2 name. (3) OB subgroup, (4) J2000.0 position, (5) Secular parallax estimate (mas) (sec §6.3), (6) Membership probability (with v^^ sp = 1 km s *), (7) Membership proba 

§4.1), (9) Effective temperature (see §6.2), (10) Luminosity (see §6.4), (11) Extinction Ay (see §6.4), (12) Equivalent Width of Ho A6562.8 (A) (see §4.2.1), (13) Corrected EW of Li I A6707.8 (A) (sec §4.2.2) , (14) 
of ratio between X-ray and bolometric luminosities, (16) Age (in Myr) and Mass (in M/Mq) using DM97 tracks, (17) Age (in Myr) and Mass (in M/Mg) using PS01 tracks, (18) Age (in Myr) and Mass (in M/M 
:-cii uciicc . 1'MS? = tiro- ma ill sequence? {see q5.1). (20) Notes — SB = spectroscopic binary. 



Table 7 

RASS-ACT/TRC & Hipparcos Stars Rejected as Sco-Cen Members 





\ z > 




V 1 ) 






( <) 


K°) 




Name 


ft, \ J zuuu J 


ri 


^3 


op 1 


XL VV ^ XI ft J 


1 . VV ) 




Type 




U m c A '" 

n m s a 


/o 


/o 




( A ) 


1 l\ 
\ A ) 






TYC 8222-105-1 


11:35:03.76 -48:50:22.0 


71 


93 


F8.5V 


2.7 


0.19 


-3.4 


ZAMS 


TYC 8982-3046-1 


12:04:14.42 -64:18:51.7 


97 


99 


G1V 


2.0 


0.20 


-3.1 


ZAMS 


TYC 8990-701-1 


13:13:28.11 -60:00:44.6 


9 


48 


F9V 


2.2 


0.11 


-3.4 


ZAMS 


TYC 8285-847-1 


14:16:57.91 -49:56:42.3 


43 


87 


G2.5IV 


2.2 


0.00 


-3.9 


subgiant (CAB) 


TYC 7833-1106-1 


15:08:00.55 -43:36:24.9 


4 


53 


G2IV 


0.6 


0.00 


-3.5 


active subgiant 


TYC 8293-92-1 


15:09:27.93 -46:50:57.2 


28 


71 


K0IV 


0.7 


0.05 


-3.4 


active subgiant 


TYC 7318-593-1 


15:31:21.93 -33:29:39.5 


94 


98 


G9.5V 


0.0 


0.15 


-3.3 


active dwarf 


TYC 7858-526-1 


16:38:38.47 -39:33:03.5 


98 


100 


F8.5IV 


2.5 


0.02 


-4.0 


active subgiant (CAB) 


HIP 63797 


13:04:30.96 -65:55:18.5 


9 


73 


G3.5IV 


2.4 


0.00 


<-4.5 


subgiant 


HIP 65423 


13:24:35.12 -55:57:24.2 


99 


100 


GOV 


2.1 


0.18 


-3.6 


ZAMS a 


HIP 68726 


14:04:07.12 -37:15:50.5 


60 


93 


G0.5III 


1.9 


0.00 


<-5.1 


giant 


HIP 72070 


14:44:30.96 -39:59:20.6 


62 


91 


G1V 


2.6 


0.16 


<-4.2 


ZAMS 


HIP 74501 


15:13:29.22 -55:43:54.6 


3 


61 


G1.5III 


2.4 


0.03 


<-4.9 


giant 


HIP 77015 


15:43:29.86 -38:57:38.6 


61 


91 


G0.5V 


2.8 


0.06 


<-4.1 


dwarf 


HIP 79610 


16:14:43.02 -38:38:43.5 


37 


74 


G0.5V 


2.7 


0.03 


<-4.2 


dwarf 


HIP 81775 


16:42:10.36 -31:30:15.0 


14 


67 


G1IV 


2.8 


0.04 


<-4.1 


subgiant 



Note. — Columns: (1) Name from Tycho-2 or Hipparcos catalogs, (2) J2000.0 position, (3) Membership probability (with Vdisp — 
1 kms -1 ), (4) Membership probability (with Vdisp — 3 kms -1 ), (5) Spectral type (see §4.1), (6) Equivalent width of Ha A6562.8 
(A), (7) Corrected EW of Li I A6707.8 (A), (8) Logarithm of ratio between X -ray and bolomctric luminosities (approximate upper 
limits assume RASS PSPC detection limit of 0.05 ct s~ x and HR1 = 0), (9) Class of object 

"HIP 65423 = HD 116402. Cutispoto ct al. (2002) measure EW(Li) = 220 mA, and vsini = 35 kms -1 . 



Table 8 

Age Estimates of LCC & UCL 



Ref. Tracks method age(LCC) age(UCL) 









(Myr) 


(Myr) 


1 


4 


pre-MS 


17±1 


15 ± 1 


1 


5 


pre-MS 


21 ±2 


19 ±1 


1 


6 


prc-MS 


23 ±2 


22 ± 1 


1 


7 


turn-off 


16 ±1 


17 ±1 


2 


8 


turn-off 


11-12 


14-15 


3 


8,9 


turn-off 


10-11 


12-13 



NOTE. — Uncertainties arc standard er- 
rors of the mean. Prc-MS age esti- 
mates exclude known SBs and stars with 
logT e jy< 3.73, which bias the calcu- 
lated ages. The turn-off ages from this 
work arc determined using only early-B 
stars classified as members by dc Zccuw 
ct al. (1999). 



References. — (1) this work, (2) de 
Gcus ct al. (1989), (3) de Zecuw & 
Brand (1985), (4) D'Antona fc Mazz- 
itelli (1997), (5) Palla & Stahler (2001), 

(6) Siess, Dufour, & Forestini (2000), 

(7) Bertclli ct al. (1994), (8) Maeder 
(1981), (9) Cogan (priv. comm.) 
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Table 9 

Revised Luminosity Classes of Standard Stars 



Star 


Published 


log g Sr/Fo HRD 


adopted 




Lum. class 


estimates class pos. 


Lum. class 


HR 5072 


V 


3.8-3.9 (IV-V) IV-V IV-V 


IV-V 


HR 4995 


IV-V 


3.0-3.7 (III/IV) IV IV 


IV 


HR 5409 


IV 


3.3-3.9 (III/IV) III-IV III- IV 


III-IV 


HR 6608 


Illb 


IV IV 


IV 



Note. — Published luminosity classes from Keenan & Mc- 
Neil (1989). The range of published logp estimates come 
from the compilation of Cayrcl de Strobcl ct al. (2001). 
"Sr/Fe class" is from measuring the Fc lA4071/Sr IIA4071 
ratio in our spectra and intcrcomparison to the spectral stan- 
dards in Table 3 (see Fig. 1). The luminosity class from the 
HRD position uses the V and B — V data from it Hipparcos 
and the standard relations from Appendix B of Gray (1991). 
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